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hen the m lecule absorbs l ight, the electronic state of the molecule wi l l  change, 
but the ground tate and excited electronic  state have di fferent v ibrat ional and rotational 
states. The transfer of an electron from the ground state by absorption of l ight to the ex-
c i ted tate take place much more rapid ly than any mo ement of the atom nucle i .  This 
lead to the Franck-Condon principl . Overa l l ,  bonding in an exci ted state is usual ly lower 
than in the ground state, 0 that the bond x-x in the excited state is  longer than the ground 
tate. Therefore, the bond X-X in the excited state is longer than the ground state . The 
Jablon ki d iagram i usual ly used to i l l ustrate the varying molecular electronic states, 
energ le\ els, possible of photochemical processes. 
: IC 
ET,ELT,CR { -IIIIIIL � 
A A IC F 
, , 
- -. ISC _ 
v' 
-!5� 
, 
} 
CR 
jl�i } _=ET�,!.....:E::..::L=-T:..!.,-=C:...:..R-=---_ 
Scheme 2 :  Jablonski d i agram 
[ ll'here So is the Singlet ground state, Sl, S2 . .  are the (1SI, 2nd) excited singlet states, T1 
is a triplet ·tate, lSC stands for intersystem crossing, A for absorption of light. IC stands 
for internal conversion, CR for chemical reaction, ET for energy fransfer, EL T for '
electron transfer, Pfor phosphorescence (with a Itfelime of the excited state of 10--1-10-2 
s) and F for fluorescence (Al i  20 1 1 ) ] .  
6 
JZ*-orbital of the carbony l .  The chemical fol low-up reactions include a-carbon and y-
hydrogen abstraction in  s -cal led orrish-type react ions. 
a- leavage orri h Type I )  is ob er ed for exci ted state carbon. I compounds, 
\\ here an acyl radical 1- 1 and an alk I rad ical 1-2 are fonned. These can undergo several 
fol low-up react ions, name I decarbonylation ( Path\ ay A) to yield alkanes 4, 
di proportionat ion ( Pathv ay B) to ketenes 5 and recombination ( Pathway C) to re-foml 
tal1ing material 3 as shov,rn in Scheme 4.  
-co 
A 
H 
,�. ·H + • Rl B 
0 
I-I 1-2 
C 
0 
R", t R 
H 
/. + oR' _ ',,/ R R�R' 
I-J 
R 
R 6 o 5 
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3 0 
cheme 4 :  orrish type reactions o f  carbonyl compounds 
1 .2 .3 Rearra ngem en ts react ions 
A common photo-rearrangement i s  the d i-n-methane rearrangement, i n  which l ,4-dienes 
6 undergo a photochemical transfonnation to yie ld v inylcyclopropanes 7 ( Scheme 5 ) .  I n  
general ,  photochemical rearrangements are d i fficul t  t o  ident ify beforehand, and i t  i s  
necessary study the photoreact ion products. 
oxidation are known, where a photo-oxidation refers to the loss of one or more 
electrons from a spec ies because of photo-e c i tation. 
IT hp R/1..........R --I �-(- --
10 
[R--LR] �,-",,",,; 
1-8 
cherne 7 :  Photoreduction of a ketone! 0 
1 .2 .5 [ 2+2 ] photocycloadd it ion reactions 
T I-donor 
ulrncnsalion 
I I  
R:t=0 H R R R OH 
\2 
8 
The [ 2+2 ] cyc1oaddit ion reaction obtains its sign ificance in organic synthesis from its 
abi l i ty to create two carbon-carbon bonds with concomi tant instal lation of up to four new 
tereogenic centres. This potent ia l ly  highly useful synthetic reaction can be promoted 
photochemica l l  . but can also be mediated by Lewis acids, or catalysed by transition 
metals .  
According to the Woodward-Hoffman rules ( Woodward 1 969), a photochemical 
[2+ 2] cyc1oaddit ion is  symmetry a l lowed, while the equivalent thermal reaction is 
symmetry forbidden. These statements can be expanded by examining the frontier 
molecular orbital ( FMO) theory by Kenichi Fukui ( Fukui 1982) .  This could be i l lustrated 
using the [ 2+2 ] cyc1oaddit ion of two ethene molecules. I n  a thermal  reaction, the 
molecules react in their  ground states; so, the 7[ orbi tal ( HOMO) of one ethene molecule 
i s  expected to interact with the 7[* orbital ( LUMO) of other one as shown in Scheme 8 .  
1 0  
When the ethene molecules are replaced with unsymmetrical alkenes. the 
photochemical [ 2  2 ]  C) cloaddition can produce t\ 0 region-isomers, the head-to-head and 
the bead-to-ta i l  pr duct . which may a lso depend on the wavelength of photoinadiation 
( Klau' 1 995) .  For instance. inadiation of cyc lohexenone ( 1 3 )  and isobutene ( 1 4 )  yields a 
head-to-head isomer I Sa in  addit ion to the head-to-tai l product I Sb as shown in cherne 
1 0  (Weedon 1 984) .  
o o 
111' 
13 14 lSa 
+ 
14 86 
o 
ISb 
Scheme 1 0 : H H- and H T- i  orner in the photoreaction of cyc lohexenone with isobutene 
The region-selectiv ity in this reaction is genera l ly  explained through electrostatic 
i nteractions. During the cycloaddi t ion, the head-to-tai l orientation maximizes the 
e lectrostat ic i nteract ions between the exci ted state enone and the ground state alkene. This 
i nterpretation was verified when h igh region-select iv i ty was observed in reactions 
invol ing highly polarized enones and alkenes. Other factors affect ing region-selectivity 
inc lude the steric i nteractions between substituted enones and alkenes as wel l as o lvent 
pol arity and temperature. 
1.3. The P h ot o c h emistry of  An t h racene 
1 1  
nthracene i an intere t ing molecule, which was isolated in 1 833  from coal tar. H igh 
purit anthracene i LI  ed a a sc inti l l ator for detectors of high-energy photons, electrons 
and -part ic l  . I t  is  a precursor of anthraquinone dyes. Thermal ly  a l lowed [4+2 ] -Diels-
Ider typ reaction proceed wel l  with anthracenes as it resonance energy due to 
aromaticit i onl 347 kllmol ( in comparison : benzene 1 52 kJ/mol and phenanthrene 3 8 1  
kllmol ) .  The [ 4+-1-]-c c loaddit ion o f  anthracene i s  one of the wel l -known photochemical 
proce se ( Bouas-Laurent 2000, Becker 1 993,  Roth 1 989) as a lready 1 867 Fritsche noted 
that anthracene changes under unl ight as shown in Scheme 1 1 . The product is the d imer 
of anthracene, 1 7 . 
hi' 
16 16a 
Scheme I I : Photochem ical  [4+4]-cyc loadd it ion of anthracene. 
[When anthracene is photolyzed by a two-laser flash-photolysis, 'where the excited ac­
quired triplet state was seen to react 11'ith jumaronifrile and maleonilrile to give the re­
spective cyc/oaddZlcts, 19 and 20 ( Wang et a l .  1 993) ]  
11." 
16 �C �16" CN 
£IZ-\B 
< �fi07 
cheme 1 2 : Anthracene photochem ical excitat ion to tr iplet tate i n  reaction \\ i th dienoph i l e  
1 2  
An interest ing result where anthracene was photochemical ly  excited in the 
pre ence of 1 J,-cyc lohexadiene, showed that a halogen containing so lvent quenches the 
excited singlet state of anthracene rapidl  , whi le the triplet state is  not much affected. The 
exci ted singlet state gives the [4+4 ] -product with cyc lohexa- l ,3-diene (2 1 ), 22, but the 
exci ted triplet state of anthracene gi es the [ 2+2] -type cyc loadduct 23 with cyclohexa-
1 .3 -d iene (2 1 )  as shown i n  cherne l3  ( II ' ichev 2009) .  
hv 
16 
· 
II 
== 
rQ�
6' 
+ 
Scheme 1 3 : The exc i ted s inglet state i n  ha logenated so lvents is quenched 
[Compound 23 is obtained as the major product. while in non-heavy ala 111 solvents 22 are 
obtained] 
1 .3 . 1 Photochemi  t ry of  a n t h racene - photochemical  [.t+.t ] -cycloaddit ion 
13 
The r a l ization that anthracene undergoe a photochemical [4+4] -cyc loadd ition v as fol ­
lov,;ed up \\ ith \\ ork on  9- ubst ituted anthracenes, where simi lar [ 4+4] -c c loadduct were 
noted ( Lalas 1 960, Becker 1 989 Becker 1 993b, Becker 1 993c, Lapouyade 1 968 ). X-ray 
cry tal trllctural analyses o[ the dimers ( Hengstenberg 1 932. Ehrenberg 1 966, J 968) were 
calTied out t show that the d imers were mostly  HT -dimers . 
Xu et til .  (20 1 3 ) have used a photo- [4+4] -cyc loaddit ion for the construction of 
polymeric trllctures, ba ed on a 9-alkoxy subst ituted anthracene precursor. The alk.oxy 
sub t i tuent wa connected to a [ 5 ] -p i l larene at the other tenninus, where the polymeric 
assembly was held together b a 1 , 1 2-bis- imidazoyldodecane. Here, the compound was 
photoirradiated at > 360 nm.  This dimerisation was found to be reversible by 
photoi rradiation at< 300 lli11 or by heat ing the dimer. Other precedents of [4+4] ­
cycloaddi tion react ions with switching in  the area of materials can be found (Bringmann 
20 1 1 ;  chafer 2004, 2007, 2009; Zheng 2002; Ferri 2004; Molard 2005;  Connal 2008; 
Kurchaski 20 1 1 ;  Wel l s  20 1 1 ;  Wang 20 1 3 ) .  
To the best of our  knowledge, l itt le infonnation has been obtained of the 
photochemical behavior of 9-ethenyl or 9-ethyny l substituted anthracenes ( see above, 
Becker 1 983 ,  Becker 1 985b)  especial ly  where the other terminus of the double bond or 
triple bond is subst i tuted by an electron withdrawing substi tuent . There is one example of 
benzoylethenylanthracenes, which was shown to give EIZ-isomerisation upon 
photoi rradiation. coupled with a novel rearrangement ( Becker 1 983 ,  Becker 1 985b) .  
1 4  
The 'C together v" ith ar I -substituted anthracenes ( i n  Doughert 1 986) make for interesting 
anthran, I-based photoelectronic materials .  
orne u e of these has been found in  molecular wires ( Valkenier 20 1 1 ). in  l ight-
regulated emiconducting materials and as potential const i tuent molecules in l ight-
harve ting devices for organ ic solar cel l  appl ications ( Man-occhi 20 1 0; Belghit i  20 1 4) .  
Here. however, the photochemical stabi l ity of such compound i s  of importance. As 
dominant photochemical transformations one can see the E-Z-isomerisation of the double 
bond ( cheme 1 4 ). a possible [2+2] -cycloaddition of the double bond ( Scheme 1 4) and a 
[-H4] -cycloaddit ion of the anthranyl unit  as shown in  Scheme 1 5 . 
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1.4. Objectives of  t h e  wo rk 
a.) 9-Ethenylanthracenes wi l l  be prepared, where the ethenyl group has an electron-
withdrawing subst i tuent at i ts end such a an aroyl or ester funct ion. 
b.) The photochemistry of the molecules w i l l  be stu died at < 300 run 
c.) The photochemistry of the molecules wi l l  be studied at > 300 run 
d.) Diels-Alder adducts of the molecules are to be prepared 
e.) The photochemistry of the cycJoadducts i s  to be studied . 
2.1. Ge n e ra l  
Chapter 2: Methodology 
1 6  
Anthracenes with a substi tu nt at C9 were prepared b Wittig olefination. For this, the 
s,nthesi of d iverse pho phoranes is important .  Materials were puri fied using col unm 
chromatographic separation technique . The products were characterized by ' H NMR 
(400 M Hz). \3C R ( 1 00 .5  M Hz), I R  and melting point, where appl icable. C HNS data 
was obtained for ome of the compounds. 
The anthranylacry lates and 9-aroyletheny lantlu'acenes were subjected to Diels­
Alder react ion with ary lmaleimides and maleic anhydrides. Mostly. the reactions involved 
heating of the anthranylacrylates and the ary lmale imides without solvent or in xylene and 
fi l tration and washing the products with organic solvent. The products were characterized 
by'H M R  (400 M Hz). \3C M R  ( 1 00 .5  M Hz), I R  and melting point, where appl icable. 
C HN data wa obtained for some of the compounds. 
The anthranyl acrylates and 9-aroylethenylanthracenes were photoi rradiated in a 
Luzchem LZC 4V photoreactor using USH IO  G8T5 lamps (at = 253 .7  nm) and with 
Hi tach i  FL8 BL-B (at Il.= 352 nm [ peak output] ) .  The photolysis reactions were monitored 
by l H M R  spectroscopy. I f  the reactions seemed promising, the reaction mixtures were 
separated b column chromatography on s i l ica gel and the products were characterized 
by'H M R  (400 M Hz). 13C NMR ( 1 00 .5  M Hz), I R  and melt ing point, where appl icable. 
The -ary l -9-subst i tuted-9, 1 0-dihydro-9, 1  0(4. ' 5 ' )-succinimido)anthracenes as 
the cyc loadduct between the anthranyl acry lates/aroylethenylanthracenes and N-
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arylmaleimides \"ere ubmitted to photoi rradiation with H I O  G8T5 lamp (at 
253 .7  nm) .  ) .  The photolysis reactions were moni tored b 'H NMR spectroscopy. I f  the 
reaction eemed promi ing, the reaction mixtures were separated by column chromato­
graph) on i l ica gel , and the products \ ere characterized by 'H MR (400 MHz), 1 3C 
MR ( 1 00 .5  M Hz),  I R  and melt ing point, where appl icable. For X-ray crystal structural 
analy is, 9-( 4-chlorobenzoylethen I )  anthracene was sent to the Department of I norganic 
hemistry,  University of Hamburg. 
2.2. Expe rime n t a l  Pa rt 
felt ing points were measured with a tuart MP I O  melt ing point apparatus and 
uncorrected . ' H N M R  (at 400 M Hz) and ' 3C NMR (at 1 00 .5  MHz) spectra were taken on 
a Varian 400 M H z  spectrometer. I n frared spectra were taken on a spectrometer ( so l id 
sample as KBr pel lets, l iquid samples using NaCI plates). Colunm chromatography" as 
carried out on si l ica gel S (0 .2-0 .5 mm and 0 .063-0. 1 mm , Riedel de Haen) and with Sigma 
Aldrich 60 A (230  - 400 mesh, Merck grade 9385) .  Analyt ical thin layer chromatography 
(TLC) was carr ied out on s i l ica on TLC Alu  foi l s  from F luka ( with fluorescent indicator 
at= 254 nm). 
For detection, a UVGL-58 lamp was used from U YP ( Upland, CA, USA) .  UV­
V I  spectra were obtained from a Varian Cary 5 0  conc U V  - V I S  spectrophotometer, with 
C H2Ch [ Sigma Aldrich, purris .  p.a. , 2 99.9% (GC)J and acetonitri le [Panreac, HPLC 
grade and Romi l  Chemical ,  Far-UV grade 1 90, pur .  99.9%] as solvent. For the 
photoirradiation, a Luzchem LZC 4V photo reactor was used with 1 3  USH IO G8T5 lamps 
( 7 .2 W low-pressure mercury arc lamp with a radiation peak at A= 253 .7  run) and with 1 4  
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I l i tachi FL8BL-B (0 . 75 . UV i rradiance 8 .0  ( cm)  2. with a radiation peak at= 352 run) .  
C l  bCl:!  [ igma Idrich, purri s. p .a . .  � 99.9% CGC ) ]  and benzene were taken as solvents 
in the phot i rradiation experiment . 
2.3. Chemicals  a n d  Reage n ts 
Triphenylpho phine (Aldrich ). 9-forrnylanthracene (Aldrich) ,  anthracene, and ethyl 
bromoacetate \,vere acquired conunerc ia l l  . Diethyl maleate (60)  was prepared by reaction 
of maleic anhydride (MSA, "'6) with ethanol in  the presence of cone. HCI, where the 
product was pur i fied by column chromatography on s i l ica gel .  
2.3.1. Proced u re A 
1 )  M a leic acid mono "'-bromopheny la m ide  (47a)  
To a st i lTed sol ut ion of maleic anhydride ( 46 .  1 .96 g, 20 mmol ) in tetrahydrofuran (THF, 
25  mL)  i s  given 4-bromoan i l i ne (4Sa, 3 .44 g, 20 mmol) .  The reaction mixture i s  stirred at 
rt for 3h .  Thereafter. the suspension is d i luted with water ( 1 50 m L )  and fi l tered. The fi l ter 
cake is \ ashed with water ( 2  X 1 00 mL) and ai r-dried at rt to give 47a as a very pale 
green solid (4 . 37  g, 8 1 % ), mp. 204 °C ( 1 96 - 200 °C [ Kumar 20 1 1 ,  Kirchner 1 959, 
Krishnan 1 976] ) ;  Vtnax (KBrlcm- ' ) 3466 (b ), 3075, 1 707, 1 629. 1 567. 1 540, 1 489. 1 396, 
1 323 , 855 , 826, 68 1 , 6 1 3 , 506, 436; � (400 MHz, DMSO-d6) 6.28 ( l R  d,  3J =  1 2 .0 Hz) ,  
6 ,42 ( l R  d,  3J =  1 2 .0 Hz) ,  7 .47 (2H, d .  3J =  8 .8 Hz) ,  7 .56 (2R d, 3J =  8 .8 Hz),  1 0 . 5  ( l H, 
s. H ) :  (400 MHz, DMSO-d6) 1 1 5 .9, 1 2 1 . 8 (2C ), 1 30 .7 .  1 32 .0,  1 32 . 1 (2C),  1 38 .4, 1 63 . 8  
(Cqual, CO), 1 67 .4 (Cqual, CO) .  
2) Maleic  acid mono phenylamide (47b)  
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Maleic anh dride ("'6, l . 96 g, 20 mmol) and ani l ine ( .tSb, 1 . 86 g, 20 mmol )  in THF (25 
mL) were reacted accord ing to procedure to give 47b as a sol id  (82%); lIma\. ( KBrlcm­
I) 3458  ( b ). 3275 ,  32 1 0, 3099, 2887, 1 698, 1 620. 1 558, 1 450, 1 4 1 9, 1 33 1 , 1 267, 1 227, 
1 1 90, 1 000, 97_, 852, 758 69 1 , 609, 526; I i  (400 M Hz, DM O-d6) 6.28 ( l R  d, 3J =  1 1 .6 
I- l z), 6 .45 (lH, d 3J =  1 1 . 6 Hz),  7 .06 (IH. 3J =  7 .6  Hz) .  7 .30 (2H , d, 3) =  8 .8  Hz, 3J =  7 .6 
l Iz) .  7 .59 C-H. d,  3 J = 8 .8  Hz),  1 0 .4 ( l H, s .  H) ;  c ( 1 00 .5  M Hz, DMSO-d6) 1 20.0 (2C, 
C H ), 1 24 .4 ,  1 29 .3 (2C,  C H ), 1 30.9, 1 32 . 1 ,  1 38 .9, 1 63. 7 (Cqual, CO), 1 67 .4 (Cqual, CO).  
3) Maleic acid mono 2-methylphenylamide (47c) 
Maleic anhydride (46, 1 . 96 g, 20 mmo l )  and 2 -methylani l i ne (4Sc, 2 . 1 4  g, 20 mmo l )  in 
THF (25 m L )  were reacted according to procedure A .  I n  certain cases, the product did not 
cr. sta l l i ze d i rect ly  from THF.  Then, the react ion o lution was poured into hexane, where 
the product precipi tated . After fi l tration and drying, 47c (3.83  g, 93.5%) was obtained as 
a colourless sol id ,  mp. 1 29 °C; 'Ina, ( KBrlcm- l ) 3329, 2988, 1 7 1 3, 1 620, 1 582, 1 548, 1 460, 
1 3 1 3, 977, 85 1 .  764, 708, 609; eM (400 M Hz, DM SO-d6) 2 . 1 9  (3H , s, CH3) ,  6 .27 ( 1 H, d. 
3J =  1 2 .4 Hz) ,  6 .55  ( l R, d, 3) =  1 2 .4 Hz) ,  7.07 - 7 . 2 1  ( 3H ,  m), 7 .39 (lR, d, 3J =  8.0 Hz),  
9 .92 ( l H . s, NH) ;  (400 M Hz, DM O-d6) 1 8 .2  ( C H3) ,  1 25 .6 1 26.2, 1 26.4. 1 30 .7, 1 30 .8 ,  
1 32 .5 , 1 32 .9, 1 35 .7, 1 64 . 1 (Cqual, CO) ,  1 67 . 1 (Cqual, CO) .  
4 )  M a leic ac id  mono 4-methy lpheny lamide  ( 47d )  
Maleic anhydride (46 , 1 .96 g, 20  mmo l )  and 4-methylani l ine (4Sd,  2 . 1 4  g ,  20  mmol ) i n  
THF (25 m L )  were reacted according to  procedure A to  give 47d  as  a sol id( 3.85 g ,  94% 
), mp. 2 1 2 °C:  vrnax ( KB r/cm- l ) 3438 (b) , 3287, 32 1 4, 3094, 1 699, 1 635, 1 540, 1 5 1 0, 1 406, 
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1 328. 850.  8 1 5� bil (400 M I I z. DM O-d6) 2.23 ( 3 H ,  , CH3 ) 6.27 ( 1  H ,  d ,  J J = 1 2.0 Hz), 
6.42 ( II I ,  d .  3J =  1 2 .0 Hz), 7 . 1 0  ( 2H, d, 3J =  8.0 Hz) 7.47 (2H,  d, 3J =  8.0 Hz), 1 0.4 ( l H , 
b )� c ( 1 00 .5  MHz. DM O-d6) 20.9 (CH3 ) ,  1 20.0 (2C, CH) .  1 29.6 (2c' CH) .  1 3 1 . 1  
1 3 1 .9 .  1 33 . 5 .  1 36 . 3 .  1 63.5 (Cqual, CO). 1 67 .3  ( Cqual, CO).  
5) Maleic acid mono 4-methoxypheny lam ide ( 47e)  
Malei anhydride (.t6, 3.03 g, 30.9 mmol)  and 4-methoxyani l ine (4Se. 3.8 1 g, 30.9 mmo l )  
in  THF  ( 3 8  mL)  were reacted accord ing to procedure A to give 4 7 e  as  a sol id, mp. 204 
0C; I'ma, ( K Br/cm' l ) 3350  (b ), 3 1 20 (b), 1 699, 1 326, 1 308, 1 28 1 .  1 247,  1 1 78, 1 035 , 977 
858 . 834, 623 , 596. 524; H (400 MHz, DMSO-d6) 3 .68 ( 3H ,  s, OCH3 ), 6 .28 ( l H , d, 3J =  
1 2 .4 Hz) .  7 . 52  ( 1 H, d,  JJ =  1 2 .4 Hz),  6 .87 (2H,  d.  3J =  9.2 Hz), 7 .52 (2H ,  d, 3J =  9 .2 Hz) ;  
lOA ( l H, s. N H ); &:: ( l 00 .5  MHz, DMSO-d6) 55 .6 (OC H3), 1 1 4 .4 (2C, C H ). 1 2 1 . 7 (2c' 
C H ). 1 3 1 .4 (CH) .  1 3 1 . 7 ( CqUal ) ,  1 32 . 1 (CH), 1 56 .3  (Cqual) ,  1 63 . 3  (Cqual, CO), 1 67 .2 (Cqual 
CO) .  
6) M aleic acid mono 2,S-d i methoxypheny lamide  ( 47f). 
Maleic anhydride (46.  4 .24 g, 43 .3  mmol) and 2,5-dimethoxyani l ine (4Sf, 6.6 g, 43 . 1  
mmol ) in  THF (40 m L )  were reacted according to procedure A to give 47f as a o l ive­
green sol id ,  mp. 1 55 °C ; \lna� ( KBr/cm'l ) 33 50, 3056,  3022, 300 1 .  2972, 2834,  1 725,  1 7 1 8 , 
1 626. 1 557 . 1 489. 1 28 1 , 1 262 1 2 1 6, 1 1 75 , 1 1 30, 1 056, 1 024, 977, 854, 798. 7 1 9, 6 1 1 ; 5H 
(400 M Hz. DMSO-d6) 3 .75 ( 3 H ,  s, OCH3),  3.65 ( 3 H ,  S, OCH3), 6 .3 1 ( l H , d, JJ = Hz), 
6 .64 ( l H , dd, 3 J = 8.8 Hz, 4J = 2 . 8  Hz), 6 .68 ( l H , d ,  4J = 2.8 Hz),  6.94 ( 1 H, d,  3 J = 8.8 
Hz),  9 .80 ( 1  H ,  s)� &:: ( 1 00 .5  MHz, DMSO-d6) 55 . 8  eOCH3) ,  56.6 (OC H3) ,  1 08 .8  (CH), 
2 1  
1 09.4 (CH) ,  1 1 2 .4 (CH ). 1 27 . 7  (CqUal ), 1 3 1 . 1 (CH) .  1 3 l .9 (CH), 1 44 .2 (Cqual) , 1 53 .2 
qual ), 1 63 . 5  ( quat. 0). 1 67 . 8  ( qUa! . CO). 
7) Maleic acid mono 2,4-d ifluorophenylam ide ( 47g). 
fa leic anhydride ( 46. 4.32 g. 44. 1 mmol) and 2,4-d i fluoroani l ine ( 45g. 5 .69 g. 44 . 1  
mmo l )  in THF (40 mL)  were reacted according to procedure A (90 min . ,  11) to give 47g 
(2 .59 g, 26%) as a gr y sol id,  I11p. 207 °C; Vrna, ( KBr/em- l ) 3460, 3230, 3067, 1 7 1 3 , 1 638,  
1 569, 1 5 1 5 . 1 484, 1 439,  1 1 5 1 , 969, 852, 60, 487;  I- I  (400 M Hz, DMSO-d6) 6.54 1 R  d, 
3J= 1 2 .4 Hz) .  6 .73 ( l H, d, 3J= 1 2 .4 Hz) ,  7 .28 ( l H, bs), 7 .43 - 7.48 ( l H , m), 8 .04 - 8.08 
( l H, m), 1 0 . 5  ( l H , s, NH); Oc ( l 00 .5  MHz, DMSO-d6) 1 04 .6 (CH, dd. 2J= 26.8 Hz, 2J= 
23 .8  Hz) ,  1 1 1 . 7 (CH.  dd, 2J = 8 .9  Hz. 4J = 3 .0  Hz), 1 22 .4  (Cqual, dd, 2J = 9.7 Hz. 4) = 2.9 
Hz) ,  1 26 . 1 (CH.  dd.  3J= 9 .7  Hz, 3J= 3 .0 Hz) ,  1 3 1 . 1  ( C H ). 1 3 1 .4 (CH) ,  ] 54 .5  (Cqual, dd, 
IJ= 247.8 Hz, 3J= 1 1 .9 Hz), 1 59 .3  (Cqual• dd, IJ= 243 . 3  Hz, 3J= 1 2 .0 Hz), 1 63 .9  (Cqual• 
CO), 1 67 .6  (Cqual CO).  
8) M a leic Acid mono 2,6-d ifluoropheny lamide  (.t7h )  
Maleic anhydride (46, 4 .92 g ,  50 .2  mmol )  and 2,6-di fluoroani l ine ( 45h ,  5 .85  g ,  45 .3 
m mol )  i n  THF (43 mL) were reacted accord ing to procedure A (24h,  rt). Afterwards, the 
reaction m ixture was fil tered and the filter cake was washed with diethyl ether (2 X 25 
mL) to give 47h  (6 . 57  g, 64 . ( 5 )% )  as a colorless solid, mp. 1 84 °C- Vrna, ( KBrlcm-l) 3420, 
3 1 20, 3003 , 1 708, 1 633  1 552, 1 496, 1 472, 1 4 1 2, 1 304, 1 245, 1 02 1 , 970, 860, 787, 703 , 
62 1 ,  593, 495; 8J.t (400 M H z, DMSO-d6) 6 .36 ( l R  d, 3J= 1 2 .0 Hz), 6.44 ( l H, d, 3)= 1 2 .0 
Hz), 7 . 1 1 - 7. 1 6  (2H ,  m),  7 .30  - 7 .37  ( l H, m), 1 0 .2 ( l H , s, NH); c ( l 00.5 MHz, DMSO­
d6) 1 1 2 . 3  ( 2C, CH,  dd, '!-jCF = ] 7 . 8  Hz, 4JCF = -5 .2  Hz), 1 1 4 . 1  (Cqual• dd, 3JCF = 1 6 .4 Hz, 
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2.!U : 1 6 .4 Hz), 1 28 . 7 ( H , dd, J.Jj F = 9.6 Hz, JJ = 9.611z) ,  1 29.6 (CH), 1 32 . 1 ( C H ), 1 58.0 
(2  , 'qua!, dd, l./er = 247.8 Hz, 3JCF = 5 .2  Hz), 1 63 .5  (Cquat, CO), ] 67.6 (Cqual, CO) .  
2.3.2 .  Proced u re B 
9) 4-Br-omophen Ima le imide  (48a)  
mi. ture of 47a ( 3 .06 g, 1 0 . 8  mmo l )  and sodium acetate trihydrate (NaOAc 3H20, 4 .37 
g, 32 . 1 mmo l )  in  acet ic anhydride ( 30  mL ) was held at  1 1 0 °C for 6h .  Thereafter the cooled 
solution was given slowly to a sat . aq . sol ution of Na2C03 . The mixture was extracted 
\\ i th ether/ethyl acetate ( 1 1 1 vlv, 3 X 90 mL) .  The organic phase was separated, dried over 
anhydrous Mg 04 and evaporated in vaCllO. The residue was subjected to column 
chromatograph on si l ica gel (e luent : CHCb)  to gi e 48a as a pale yel low solid ( 1 . 59 g, 
6.3 mmoL 58%),  mp. 1 47 °C ( L i t .  1 28 - 1 30 °C [ Matuszak 2009, Butler 2007] ); \.'tna, 
( KBr/cm- l ) 3090, 1 72 1 ,  1 492, 1 400. 1 3 86, 1 1 49, 1 066, 83 1 ,  707, 686, 585 ,  SOl; � (400 
M Hz. CDC!) 6 .85  (2H ,  s), 7 .24 (2H ,  d, 3./= 8 .8  Hz), 7 . 58  (2H,  d, 3./= 8 .8  Hz) ;  ( 1 00.5 
M Hz, CDCb) 1 2 1 .6 (Cquat ) ,  1 27 .4 (2C,  C H ), 1 30 .2 (Cqual) ,  1 32 .3  (2c' C H ), 1 34 .3  (2c' 
CH) ,  ] 69. 1 (2c' Cquat, NCO).  
1 0) N-Pheny lmale imide  (48b)  
A mixture of 47b (2 .05 g, 1 0.7  mmo l )  and sodium acetate trihydrate (NaOAc 3 H20, 4 .37  
g, 32 . 1 nm10l ) i n  acetic anhydride (30  mL) were reacted a t  1 05 °C according to  procedure 
B. Col umn chromatography on s i l ica gel (CHCb/hexane 2: 1 )  gave 48b (6 1 2  mg, 3 . 53 
mmol ,  33%) as a yel low, crystal l i ne sol id ,  mp. 88 - 89°C ( 85 - 87 °C [Aldrich Catalogue 
200512006] ) ; Vmax (KBr/cm-1) 3093,  1 7 1 6, 1 598, 1 586, 1 508, 1 394, 1 1 46, 1 072, 1 03 1 ,  
1 009, 832, 757 , 695,629, 586, 497, 466; H (400 M H z, CDCh) 6 .84 ( 2H, s), 7 .3 ] - 7.39 
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( 3 J  L m ), 7 .44 - 7.49 (2H, m) ;  , (  1 00 .5 MHz. CD b)  1 26. 1 (2C, CH), 1 28 .0 (CH), 1 29.2 
(2  , [ 0. 1 "1 1 .2 ( quat ) ,  1 34 .2  ( 2C.  CH) .  1 69 .5  (2C, Cqual. CO) .  
1 1 ) 2-Methy l p h enylmalc im idc  ( "8e)  
mixture of "7e (2 .�  g ,  1 0 . 7  mmol )  and sodium acetate trihydrate (NaOAc 3 H20, 4 .37 
g, 32 . 1 mmo l )  in acet ic anJ1ydride (30  mL)  were reacted at  1 05°C ( 1 3h)  according to 
procedure B.  Col umn chromatography on s i l ica gel (CH2Cb)  gave "Se (2 .04 g, quant) as 
a very pale yel low sol id,  mp. 76-78°C ( Lit .  76- 77°C [ Fuj ita 1 989] ) ;  V,113' ( KBrlcm- l ) 3093, 
2929, 1 7 1 6, 1 496, 1 458 , 1 39 1 ,  1 1 50.  1 1 1 6. 1 065, 83 , 823 , 768, 688, 630, 588, 475 ;  4I 
(400 1 Hz. CDC!) 2 . 1 6  ( 3 H ,  s, C HJ ), 6 .87  (2H,  s), 7 . 1 1  ( l H, d, 3J =  7.6 Hz), 7.27 - 7 .37  
(3H,  m) ;  ( l 00 .5  M Hz, CDCb) 1 7 .9  (CHJ ) ,  1 26.9 (CH) ,  1 28 . 7  (CH ), 1 29 .5  (CH),  1 29.9 
(Cqual ) ,  1 3 1 .2 (CH ) ,  1 34 .4 (2C, C H ), 1 36 .5  (Cqual ), 1 69 .6 (C, Cqual, CO). 
1 2) .t-Methy lphenylmale imide  (.tSd)  
A mixture of 47d (2 .2  g ,  1 0 . 7  mmo l )  and sodium acetate trihydrate (NaOAc 3H20, 4 .37  
g ,  32 . 1 mmo l )  i n  acet ic anhydride (30  mL)  were reacted a t  1 05°C according to  procedure 
B to gi e 48d ( 1 .08 g, 5 . 8 mmol ,  54%) as a yel low crystal l i ne sol id ,  mp. 1 59 - 1 60°C ( Lit .  
mp. 1 58 - 1 60 °C [Matuszak 2009, B ut ler 2007] ) ;  Vmax ( KBr/cm- l ) 3454 (w) ,  3093, 1 708, 
1 5 1 8 , 1 408, 1 39 1 .  1 1 53 , 834, 7 1 0, 685 , 503 '  bH (400 M Hz, CDCh) 2 .38  ( 3H ,  s, CH3 ), 6 .83 
(2H,  s) ,  7 . 1 9  ( 2 H ,  d.  J J = 8 .8  Hz) .  7 .26 (2H, d, 3 J =  8 .8 Hz);  &: ( 1 00 .5  MHz, CDCb) 2 1 .2 
(CH3) ,  1 26.0 (2C,  C H ), 1 28 .4 (Cqual) ,  1 29 .8  ( 2C, CH) ,  1 34 .2  (2C, C H ), 1 3 8 . 1 (Cqual) ,  1 69 .7 
(2C. Cqual, CO):  Found : C,  70.3 3 ;  H,  4 .95 ;  N,  7 .48%. Calcd .  for C I I H9 02 ( 1 87 . 1 9) C,  
70 .58 ;  H, 4 .85 ;  . 7 .48%. 
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1 3) 4- l ethox. phenylmaJe imide (48e)  
A mixture of 47e (2 . 74 g, 1 2 .4  mmol )  and sodium acetate trihydrate (NaOAc 3 H20, 5 .04 
g. 37 .0  mmol )  in acetic anh dride ( 30  m L )  were reacted at 1 05 °C according to procedure 
B to gi\ e 48e ( 1 . 03 g. 5 . 1  mmol ,  4 1  %) as a yel low cr 'stal l i ne sol id .  mp. 1 57 - 1 58°C ( Lit .  
1 5 7°C [ Deshpande 20 1 0 ] ) ;  ma, ( KBr/cm' l ) 3467. 3 1 73 .  3 1 1 0, 3079, 30 1 1 , 2965, 2939. 
29 1 4, 2836, 1 70 1 .  1 507. 1 445 1 400, 1 303, 1 25 1 , 1 1 56, 1 1 06, 1 055 , 828, 72 1 , 687, 604, 
582. 527. 43 1 ;  H (400 M Hz, C DCh)  3 . 8 1 ( 3 H, s, OCH3). 6 .82 (2H ,  s), 6.97 ( 2H. d, 3J= 
8 .4  Hz) .  7 .2 1 ( 2H, d. 3J= 8 .4 Hz);  &: ( l 00 .5  M Hz, CDC!) 55 . 5  (OCH3) .  1 1 4 . 5  (2C.  C H ), 
1 23 . 7  (Cqu31) .  1 27 .6 (2c' C H ), 1 34 . 1 (2C,  C H ). 1 59 .2 (Cqual ) ,  1 69 .8  (2C, CqUal. CO); Found : 
C .  65 .02;  H .  4 .46; , 6 . 89%. Ca1cd for C )  I H9N03 (203 . 1 9) C,  65 .65 ;  H ,  4 .45 ; N ,  6 .79%. 
1 .t) 2,S-Dimethoxypheny l maJe imide (48f) 
A mixture of 47f ( 2 . 7g, 1 0 . 7 (5 )  nU1101)  and sodium acetate trihydrate (NaOAc 3 H20. 
4 .3 7g. 32 . 1 mmo l )  in acetic anhydride ( 30mL)  were reacted at 1 05°C (6h) according to 
procedure B to give 48f as a yel low crystal l i ne sol i d :  (935 mg 3 7 . ( 5 )%), mp. 1 32 - 1 34 
°c ( L i t .  1 22 °C [ Mustafa 1 956] );  max ( KBrlcm' l ) 3 1 1 7 , 3007. 2964, 2942, 2832,  1 708, 
1 - 1 5  1 455 . 1 3 88, 1 284. 1 232, 1 1 93 , 1 1 55 , 1 043 , 1 0 1 4, 822, 724, 692; H(400 M Hz, 
C DCh)  3 .73 ( 3 H ,  S. OCH3) .  3 . 75 ( 3H ,  s, OCH3 ). 6 .73 ( l H , bs),  6 .82 (2H,  b ) , 6 .93 (2H,  
s ) ;  e C I OO.5 M Hz, C DCb)  55 . 8  (OCH3) ,  56 .3  (OCH3) ,  1 1 3 . 1 ( C H ), 1 1 5 . 7(CH),  1 1 5 .8 (CH) .  
1 20. 1 (Cqual ) ,  1 34.4(2C, C H ), 1 49 .6 (Cqual ) ,  1 53 .5 (Cqual ), 1 69 .6(2C, Cqual, CO).  Found C ,  
6 1 .62; H .  4 .84; N ,  6 .0 1 %. Ca1cd for C 1 2H I I  04 (203 . 1 9 ) C,  6 1 . 80: H ,  4 .75 ;  H ,  6.0 1 %. 
2 5  
] 5) 2,.t- Difluorophenylmale imide (48g) 
A mixture of .t7g (2.43g, 1 0 .8mmol ) and od i um acetate trih drate (NaOAc 3H20, 4 .37  
g ,  "2 . 1 mmo l )  in acet ic  anl1 dride ( 30mL )  reacted at ! 05°C (20h) according to procedure 
B, co lumn chromatography on i l ica gel (CH2Cb/ether 2: 1 )  gave 48g ( 1 . 1 1 g, 5 .3 1 mmoL 
500'0) a a colourle s, cr tal l ine o l id :  mp. 92°C; vmax( KBrlcm- 1 ) 3097, 1 7 1 9, 1 5 1 9, 1 4 1 4, 
1 397, 1 275, 1 1 46, 975, 865 , 83 1 ,  7 1 9, 689, 600, 439; 11(400 M Hz, CDC!})  6 .9 1 (2H , s) ,  
6 .97 - 7 .02 (2H. m),  7 .23 -7 .29 ( t H , m) ;  &:: (1 00 .5  M Hz, CDC b)  1 05 . 3  (CH dd, 2JCF 26.9 
Hz, 2 JCF 23 .9 Hz), 1 1 2 .0  (CH ,  dd. 2JCF 22.4 Hz, 4JCF 3 .7 Hz), 1 1 4 .9 (CqUal, dd, 2JCF 1 3 .5  
Hz. 4Ju 3.7  Hz) ,  1 30 . 7  (CH,  dd 3JcF 9.6 Hz, 3JCF 1 .6 Hz) ,  1 34 .7  ( 2C . H) ,  1 58 . 1 (dd, IJcF 
255 .0  H z, 3JcF 1 2 .8  Hz) ,  1 62 .9  (Cqual, lJCF 25 1 A  Hz 3JCF 1 l . 3 Hz),  1 68 .6(Cquat. CO).  
1 6) 2,6-Difluoropheny lma le imide (48h)  
A mixture of .t7h (2A3 g .  1 0 . 8  mmo l )  and sodium acetate trihydrate (NaOAc 3 H20, 4 .37  
g ,  3 _ . 1 111mo l )  i n  acet ic  anhydride ( 30  mL)  were reacted a t  1 05 °C (20h) according to 
procedure B. Column chromatography on s i l ica gel (CH2Cb) gave 48h ( 1 .25  g, 6.0 mmoL 
56%) as a colourless, crysta l !  i ne sol i d :  mp. 1 08 °C [ 9 1 -93 °C (Schwarzer et a1 . 2008 ] ;  Vrnax 
( KBrlcm- 1 ) 3492, 3 1 23 ,  1 724, 1 596, 1 5 1 4  1 475,  1 3 87, 1 243,  1 220. 1 1 6 1 ,  1 1 36, 1 048, 
990, 825, 78 1 , 69 1 .  584 ;  �� (400 M Hz, CDCh) 6 .92 (2H, s), 7 .04 (2H ,  m) ,  7 .40 ( l H , m) ;  
c ( 1 00 .5  M Hz. CDC!) 1 08 .4  ( dd, Cquat, 2JCF = 1 6 .0 Hz, 2JcF = 1 6 .0 Hz), 1 1 2 . 1  (2c' CH,  
md,  2JcF = 1 8 .6 Hz), 1 3 1 .0 (2C, CH,  dd, 3 JCF = 9 .7  Hz 3 JCF = 9.7  Hz),  1 35 .0 (2C , C H )  
1 58 .9  (2C, Cqual, dd, lJcF = 2 5 3 . 0  Hz, 4JcF = 3 . 7  Hz) .  
26 
1 7) Ethoxyca rbonylmethy l idenetripheny lpho phorane (35) 
To a sol ut ion of triphenyl phosphine ( PPh3, 1 2 . 3  g, 46.8 mmol ) i n  CHCb (25 mL) wa 
added ethyl bromoacetate ( 33 ,  7 .77 g. 46.8 mmo. carefu l :  lachrymator! ) .  The solution 
heated up during the addit ion.  The reaction mixture was sti rred at room temperature for 
1 4h .  Then, it wa poured into ether ( 300 mL) .  The precipi tate formed was a l lowed to settle 
for 3h .  Th reafter, the ethereal supernatant was decanted and aq . a2C03 ( 1 0  g Na2C03 
in 1 00 mL H:!O) \: a added, fol lowed by CH2C b  (35  mL) .  The reaction m ixture was 
stirred at rt for 45 min .  Ther after, the mixture was extracted with C H2Ch ( 3  X 35  mL). 
The organi phase was dried over anhydrous Mg 04 and concentrated in vacuo to leave 
an o i l  res idue from which ethoxycarbonylmethy l idenetri phenylphosphorane (35) 
cry tal l ized upon seeding to g ive 35 as a colourless sol id  ( 1 4 . 1 g, 87%)' - Vtnax ( KBr/cm' l ) 
3 0 � 5 ,  2975, 2900, 1 605, 1 483 , 1 437 ,  ] 3 7 1  1 330,  1 1 2 L  1 062, 892, 755, 695, 545, 507. 
1 8) Benzoy l m ethyltr ipbenylphospbo n i u m  bro m ide  (3 1 -H)  
To a sol ut ion of triphenyl phosph ine ( P Ph3, 5 .9 .  g ,  22 .4  rnmol )  in CHCb (25 mL) was 
added a-bromo-4-acetophenone (30-H ,  4.46 g, 22 .5 rnmol ) ,  and the reSUlt ing reaction 
m ixture \: as stirred for 1 4h at rt. Thereafter, the m ixture was given to ether ( 300 mL) .  The 
precip i tate formed was a l lowed to sett le for 3h .  Thereafter the sol id  was fi l tered to give 
benzoyl methyltriphenylphosphonium bromide (9 .6 g, 93%) as a colourless sol id :  
l\nax(KBr/cm, l ) 3059, 294 1 , 2637, 1 660 (s) ,  1 435 ,  1 327, 1 303,  1 207, 1 1 1 1  993 , 750, 7 1 8 , 
687, 5 1 7 , 503 ; � (400 M Hz C DCb)  6 .36 (2H,  d, 2JpH = 1 2 .0 Hz), 7 .46 - 7 .78 ( 1 2H,  m), 
7 .89 - 7 .95 (6H , m ), 8 . 35  (2H ,  dd, 3 J= 8 .0 Hz, 4J =  1 .2 Hz); � ( 1 00.5 M Hz, CDC b )  38 .8  
(CH2, Jcp = 62 .0  Hz), 1 28 .6  ( 3C ,  Cqual, Jcp = 1 2 .0 Hz) ,  ] 29.0 (2C,  C H ), 1 30 .0 (2C, CH), 
2 7  
1 ' 0 . 1 ( 6  , I-I .  Jcp == 1 3 . 5  Hz) ,  1 32 .2  (Cqual, Jcp == 1 0 . 5  Hz), 1 34 .0 (6C CH,  Jcp == 1 0 .5 
I Iz) , 1 34 .7 (3C' .  I L Jcp == 2.9 Hz),  1 34 .8  (CH) ,  1 92.2 (Cqual, CO, Jcp == 6.0 Hz) .  
1 9) 4-Mcthoxybcnzoy lmcthy l tripbenylpbo pbon i u m  bromide ( 3 1 -0Me)  
To a o lut ion of  triphenylphosph ine ( PPhJ, 5 .9. g ,  22.4 nunol )  i n  C HCb (25  mL)  was 
added a-bromo-4-methoxyacetophenone (30-0M e, 5 . 1 7  g, 22 .5 mmo l )  and the result ing 
react ion mixture \ as stirred for 1 4h at rt. Thereafter, the mixture was gi en to ether (300 
m L ). The precip i tate fonned was a l lowed to sett le for 3h .  Thereafter the sol i d  was fi l tered 
to give 4-methoxybenzoyl methyl tri phenylphosphoni um bromide ( 3 1 -0Me, 9.9 g 90%) 
as a colourles sol id ;  as a colour less sol i d :  Villa" (KBr/cm- l ) 2936, 2769, 2708, 1 652, 1 590, 
1 438 , 1 326, 1 265 , 1 2 1 5 , 1 1 65 , 1 1 08 , 992, 750, 7 1 8 , 686, 540, 508;  �I (400 MHz, CDCb) 
3 .78 ( 3 H ,  . OCHJ ) .  6 . 1 2  ( 2 H ,  d ,  Jcp = 1 2 .4 Hz), 6 .90 ( 2H ,  d ,  JJ =  8 . 8  Hz) ,  7 . 58  - 7 .60 
(6H.  m) ,  7 .63 - 7.69 ( 3 H ,  m) ,  7 .84 - 7 .89 (6H,  m) .  8 . 3 1 (2H ,  d, JJ =  8 .8  Hz) ;  &: ( 1 00.5 
M Hz, CDCb) 3 8 .0 (CH2. J p = 6 1 . 3 Hz) ,  5 5 . 7  (OC H3 ), ] 1 4 .2 (2C, C H ), 1 1 9.0 ( 3C, Cqual, 
JcP == 89.7 Hz) ,  1 30 . ] (6C, CH,  JcP = 1 2 . 8  Hz) ,  1 32 .6  ( 3C,  C H ), 1 34 .0 (6C CH,  JcP = 1 0 .6 
Hz), 1 34 .6  (2C, C H ), 1 64 .9  (Cqual) ,  1 90 .0 (Cqual, CO, JcP = 4.6 Hz) .  
20)  4-Fluorobcnzoy lmetbyl idenet ripbcnylpho phorane (32-F) 
To a sol ut ion of triphenylphosphi ne ( PPh3, 5 .9 .  g, 22.4 mmol) i n  CHCb (25  mL) was 
added a-bromo-4-fluoroacetophenone (30-F, 4 .87  g, 22 .5  mmol ) ,  and the resul t ing 
react ion m ixture was stirred for 1 4h at rt. Thereafter, the mixture was given to ether (300 
mL) .  The precip i tate formed was a l lowed to sett le for 3h .  Thereafter the sol id  was fi l tered 
to give 4-fluorobenzoylmethyltr iphenylphosphonium bromide ( 3 1 -F, 9.04 g, 84%) as a 
colourless sol id .  To 4- fl uorobenzoylmethyltriphenylphosphonium bromide (9 .04 g, 1 8 .9 
2 8  
mmol )  v. a added ag . a2 J ( 5  g a2C03 in  1 00 mL H20).  fol lowed by CH2Ch (35  
mL) .  The react i n mixtur wa sti rred at rt for 45 min .  Thereafter. the mixture was 
extracted \\ i th 1 1 2 b (3 X 3 � mL) .  
The organic phase \\ as dried over anhydrous Mg 04 and concentrated in vacuo to 
leave an oi l  res idue, from \ hich 4 - tluorobenzo l methyl idenetriphenylphosphorane (32-
F, 5 .93 g, 79%) crysta l l ized as a pale  yel low sol i d :  Vmax ( KBr/cm- l ) 3049, 1 600, 1 5 1 6. 
1 502. 1 480. 1 438 , 1 4 1 0, 1 390, 1 226, 1 1 90, 1 1 63 , 1 1 07, 883 ,  754, 747, 7 1 9, 694, 542, 
5 1 7, 506;  011 (400 M Hz, CDCb) 7.00 (2H,  dd, 3J = 8 .8  Hz, 3J = 8 .8  Hz), 7.45 - 7 .72 ( I S H, 
m) .  7 .95 ( 2 H ,  bm);  & ( 1 00 .5  M Hz, C DC h)  50.6 (CH,  d, IJcp = 1 1 2 .3 Hz), 1 1 4 .4 (2C, CH, 
Jcr = 2 1 .0 Hz).  1 26 .9 (3  , Cqual, d .  IJcp = 93 .6 Hz), 1 28 .6  ( 2C, d,  JCF = 1 l . 3 Hz) ,  1 28 .8  
(6C,  CH,  JcP = 1 2 .0  Hz) ,  1 32 .0 (3C,  C H ), 1 33 . 1  (6C, C H  JcP = 9 .8  Hz), 1 34 . 8  (Cqual ) ,  
1 63 . 8  (Cqual. IJCF = 248 .3  Hz), 1 83 . 7  ( CqUal . CO).  
2 1 )  -t-Brornobeozoyl rnethy l t riphenylphospboo ium b romide (3 1 - B r) 
To a solut ion of triphenylphosph ine ( PPh3, 6 .6 g, 25 .2  mmo ! )  i n  CHCh (50  m L )  was added 
a-bromo-4-bromoacetophenone (30- Br, 7 .0 g, 25 .4 mrnol ), and the resu l t ing reaction 
mixture was stirred for 1 4h at rt. Thereafter, the m ixture was given to ether ( 300 mL) .  The 
precip i tate formed was a l lowed to sett le for 3h .  Thereafter the sol id  was fi l tered to yield 
4-bromobenzoyl methyltripheny lphosphonium bromide ( 3 1 -Br, 8 .5g, 63%) as colourle s 
sol i d :  �'max ( K B r/cm- l ) 3387 ,  308 1 ,  30 1 2, 2804, 1 673 , 1 584, 1 43 7. 1 437,  1 397, 1 2 1  L 1 07 1 ,  
998, 753 , 72 1 ,  69 1 ,  509; b\.i (400 M Hz, CDC h )  6 .34 ( 2H , d, 2JpH = 1 2 .0 Hz), 7 .59  (2H,  d,  
3J = 8 .8  Hz),  7 .6 1 - 7 .66 (6H, m) ,  7 . 7 1  - 7 .75 ( 3H ,  m) ,  7 .87 - 7 .93 (6H,  m);  c ( 1 00 .5  
M Hz, CDCb) 38 .6 (CH2, IJcp = 60.6 Hz), 1 1 8. 7  ( 3C, Cqual, IJcp = 89.7 Hz), 1 30.2 (6C, 
29 
I I . ./ep = 1 3 .5  Hz), 1 30 .5 ( Cqual) .  1 3 1 . 5 (2C.  H) ,  1 32 .2 ( Cqual) .  1 32.3 (2c' C H ). 1 34.0 
(6  , CR .fep = J 0.5 Hz),  1 34 .8  ( 3  , C H, .!cp = 3 .0 Hz). 1 9 1 . 3 (Cqual, CO, Jc p  = 6 . 7  Hz) .  
22)  4-Bromobenzoylmethyl idenetri phenylpho phora n e  (32-Br) 
4-Bromobenzoy lmethyl -triphenylpho phonium bromide ( 3 1 - B r. 8.47 g, 1 5 .7  mmol )  was 
added to a mixture of CH2Ch ( 30  mL)  and ag. a2C03 (8 .0  g in 80 mL H20) and was 
stirred at room temperature for 45 min .  Thereafter, the mixture was extracted with C H2Ch 
( 2  X 50 mL) .  The combined organ ic phase was dried over anhydrous Mg 0" and 
concentrated in vacuo to give 4-bromobenzoylmethyJ idenetriphenylphosphorane (32-Br, 
6. 7 1  g, 93%) a a pale ye l low sol id ;  max ( K Brlcm- l ) 3052 1 5 79, 1 52 1 , 1 48 1 , 1 436, 1 40 1 ,  
1 3 79, 1 1 75 , 1 1 07 , 1 068. 1 008, 882, 744, 7 1 8 . 693 542, 524, 5 1 1 .  
23) 4-Methylbenzoy l methy l tri pheny lpho phon ium bromide  ( 3 1 -M e) 
To a sol ut ion of  triphenyl ph os prune ( PPh), 6 .6 g, 25 .2  mmo l )  i n  CHCb (50 mL) was added 
bromo-4-methylacetophenone (30-M e, 5 .4 g, 25 .4 mmol ) ,  and the resul t i ng reaction 
m ixture was stirred for 1 4h at room temperatures. Thereafter, the mixture was given to 
ether ( 300 mL) .  The precipitate formed was a l lowed to sett le for 3h. Thereafter the sol i d  
wa  fi ltered to  y i e ld  4-methylbenzoylmethyltriphenylphosphonium bromide ( 1 0. 1 g, 
800 0. 3 1 - M e) as a colourless sol id ;  max ( KBrlcm- l ) 2946, 2754. 2647, 1 655 , 1 602, 1 437, 
1 329, 1 305.  1 1 89, 1 1 1 0 805, 747,  690. 5 1 7, 502'  bH (400 M Hz, CDCb) 2 .37  ( 3 H ,  s. C H3), 
6.28 (2H .  d.  3JpH = 1 2 .0  Hz), 7.28 (2H .  d,  3J =  8.0 Hz), 7 .60 - 7.65 (6H.  m), 7 .7 1 - 7 .74 
( 3 H .  m) ,  7 .89 - 7 .94 (6H ,  m) ,  8 .24 ( 2H ,  d, 3J = 8 .0 Hz);  c ( 1 00 .5  MHz, CDCb) 26.8 
( C I- b ), 38 . 7  (d,  C H2 , I ./Cp = 6 1 .3 Hz) ,  1 1 9 .0 (3C, Cqual, d, I ./cp = 89.7 Hz), 1 29.7 (2C, C H ), 
1 30 . 1 (6C, CH,  d ,  JcP = 1 3 . 5  Hz), 1 30 .2  ( 3C, C H ), 1 34 .0( 5 )  (6C, CH,  d, JcP = 1 l .3 Hz), 
3 0  
1 '"' 4 .2  ( 'qUal) ,  1 34 .6  (2c'  H,  d, J p = 3 .0 Hz) ,  1 46 .2 (Cqual) ,  1 9 1 . 5 (Cqual, CO. JcP = 5 .9  
Hz) . 
24) 4-Methylbenzoyl meth ] jdenet ri phenylphosphorane(32-M e) 
4- leth) Ibenzoylmethy l-triphen I phosphonium bromide ( 3 1 -Me, 1 2 .08 g, 25 ,4 mmol ) 
wa added to a mixture of C F bCb (50  m L )  and aq . Na:!C03 ( 1 3 .0 g in  1 30 mL 1120) and 
wa t irred at rt for 2h30min.  Thereafter, the mixture wa extracted with Cl-hCh ( 3  X 50 
mL) .  The combined organic phase was dried over anhydrous MgSO-l and concentrated in 
vacuo to give 4-methylbenzoyl methyl idenetriphenylphosphorane (32-Me, 1 0 . 1  g, 
99. [ 5 ] ] °/0) as a beige-coloured sol i d :  IImax ( KBr/cm' l ) 305 1 ,  29 1 5 . 1 606 (w),  1 58 1 .  1 5 1 7, 
1 502. 1 482, 1 436, 1 405, 1 3 85 , 1 1 78, 1 1 04, 1 078, 886. 835 ,  743, 7 1 6, 694, 543, 525, 5 1 3 : 
Ii (400 1 Hz, CDCb)  2 . 35  ( 3 H, s, C H3 ) ,  4 .39  ( 1  H ,  d, 2 Jm = 24.8 Hz),  7 . 1 4  (2H,  d, 3J = 
8 .0  Hz).  7 .43 - 7.48 (6H.  m ), 7 .52- 7 . 57  ( 3 H ,  m ), 7 .68 - 7 .73 (6H,  m) ,  7 .86 (2H,  d, 3 J = 
8 .0 Hz) :  c ( 1 00 .5  M Hz, CDCh)  2 1 .4 (CH3) ,  50 .2 (d  IJcp = 1 1 2 .2 Hz) 1 26.9 (2C, C H ), 
1 27 .2  ( 3C. Cqual, Jcp = 9 1 . 3 Hz),  1 28 .4  (2C, C H ), 1 28 .8  (6C, CH,  JcP = 1 2 .0 Hz), 1 32 .0  
(3C ,  C H, JcP = 3 .0 Hz),  1 33 . 1  (6C.  CH JcP = 1 0 . 5  Hz),  1 3 8 .4  (Cqual, Jcp = 1 5 .0 Hz) ,  1 39.3 
(Cqual) .  1 84 . 8  (CqUal' CO, JcP = 3 . 7  Hz) .  
2 5) 4-Chloro benzoy l m ethyl idenetri pheny lphosphorane  (32-C I )  
4-Chlorobenzoyl methy l -tr iphenylphosphonium bromide ( 3 1 -CI ,  4.36 g, 1 0 .3  mmol )  was 
added to a mixture of CH2Ch (30  mL)  and aq. Na2C03 (4 . 1 g in 45 mL H20) and was 
st irred at room temperature for 3h .  Thereafter, the mixture was extracted with CH2Ch ( 3  
X 50 mL) .  The combined organic phase was dried over anhydrous MgSO.J and 
concentrated in vacuo to give 4-chlorobenzoylmethyl idenetri phenylphosphorane ( 32-CI, 
3 1  
3 .29 g, 9 " % ) a a colourless sol id :  mp. 1 44 - 1 46 llC ; Vmax ( KBr/cm- l ) 3056, 1 579. 1 523 ,  
1 .+8 1 .  ] 437 .  1 405, 1 3 84 1 1 89, 1 1 2 L  1 1 1 0, 1 086, 882, 747, 723 , 695, 540. 5 1 9; �J  (400 
M H z. DCb) 4 .40 ( 1 1  L bs), 7.29 (2H .  d, 3J =  8 .0  Hz), 7.46 - 7. 72 ( I S H ,  m ). 7 .88 (2H,  d.  
3 J = . 0  l Iz) ;  ct ( 1 00 .5  MHz, CDC h)  5 1 . 1  (CH,  d, Iii p = 1 1 0 .2 Hz), 1 26 .8  (3C, Cqual, IJcp 
= 9 1 . 3 Hz) ,  1 27 .8  ( 2c' C H) .  1 28 .4 (2C, C H ). 1 28 .9  (6C, CH.  Jcp = 1 2 . 8  Hz), 1 32 . 1 ( 3C, 
C H ). 1 3 3 . 1 (6C, CH, Jcp = 1 0 . 5  Hz), 1 3 5 .2  (Cquat ) ,  1 39.6 (CqUal ). 1 83 .4 (Cqual, CO). 
26) M ethy l  9-an thra ny lacrylate (39-M e) 
To a o l ut ion of triphenyl phosphi ne ( PPh3, 1 .82 g, 6.94 mmo l )  i n  CH2Ch (20 mL)  is added 
dropwi e ch lorotribromomethane (CBrCb, 1 .42 g, 7 . 1 7  mmo l ), and the resul t ing solut ion 
i stirred at room temperature for 40 min,  whereupon i t  turns orange-brown. Then, 9-
anthranylacry l i c  acid (39- H .  1 . 5 g, 6.05 mmol ) is added, and the suspension is sti rred 
lmder reflux for 90 min .  Thereafter, methanol ( 3  mL)  is added dropwise, and the reddish 
sol ut ion i s  sti rred under refl ux for 1 0h .  The cooled sol ution is  concentrated in vacuo and 
the residue is subjected to co lumn chromatography on si l ica gel (e luent :  CH2Ch) to give 
39- M e  (9 1 3  mg, 58%) as bright yel low needles ( hexane), mp. 1 20 - 1 22 °C; Vmax ( KBrlcm­
I ) 1 7 1 7, 1 638 ,  1 1 68, 1 1 55 , 73 5 ;  bri (400 M Hz, CDCb)  3 .92 ( 3 H ,  s, OCH3) ,  6 .44 ( l H , d, 
3J =  1 6 .4 Hz), 7 .46 - 7 . 5 1 (4H,  m) .  8 .00 (2H,  d, 3J =  8.4 Hz), 8 .22 (2H ,  d, 3J =  8 .4 Hz), 
8 .45 (l H ,  s) ,  8 .65 ( l H , d, 3J =  1 6 .4 Hz);  c ( l 00 .5  M Hz, CDCb) 52.0 (OCH3) ,  1 25 .2 (2C, 
C H ), 1 25 .4 (2C, C H ), 1 26 .3  ( 2C, C H ), 1 26 .8  (CH) ,  1 28 .3  (CH) ,  1 28 . 8  ( 2C, C H ), 1 29 .0 
(Cqual ), 1 29 .3  (Cquat) ,  1 3 1 .2 (Cquat) ,  1 42 . 3  ( C H ), 1 66 .9 (CquaJ, CO).  Found C, 82 .49; H,  
5 .47%. Ca1cd. for C I sH I 402 (262 .30)  C, 82 .42;  H ,  5 . 38%. 
3 2  
2 7 )  9- [2 -E-( Benzo Icarbonylethen l ) ] an thracene ( 40-H)  
olventle s mi xture of 9-anthranylcarbaldeh de (37 ,  1 .69g, 8 .2mmol) and 
benzoyl methyl idenetriphen) Iphosphorane (32- H ,  5 g, 1 3 .2  mmo l )  is heated at 1 40°C for 
1 4h .  The cooled reaction mixture i ubjected d irect ly  to col unm chromatography on si l ica 
gel (e luent:  benzene) and gi es the 40-H ( 1 . 82 g, 72%) as a yel low sol id, mp. 1 26°C; 
m,,(KBr/cm" ) 1 663,  1 605 , 1 3 53 ,  1 288, 1 268, 1 209, 1 0 1 0, 739, 690, 6 1 9; H(400 M Hz, 
CDCb) 7 .48 -7 .6 1 ( 8 1 1 ,  m) ,  8 .0 1 - 8 .04 (2H,  m) ,  8 .08 - 8 . 1 0  (2H,  m) ,  8 .29-8 .32 (2H,  m , 
8 .46 ( t H , s) ,  8 . 80 ( l R, d ,  3J =  1 6 .0 Hz) '  c ( 1 00 .5  M Hz, CDCb)  1 25 . 3  (2c' C H ), 1 25 .4  
(2c' CH) ,  1 26 .4 (2C,  C H ), 1 28 .4  (CH) ,  1 28 .7  (2C, C H ), 1 28 .8  (2C,  C H ), 1 28 .9 (2C,  CH) ,  
1 29 .6 ( H ), 1 30. 1 (CqUal), 1 3 1 .0 (2C, Cqual) ,  1 3 1 . 3 (CH) ,  1 33 . 1 (2c' Cqual) ,  1 3 7 .9 (CqUal) ,  
1 4 1 .9 ( C H ), 1 89 .7  (Cqual, CO) .  
28)  9- [2 -E-( 4-F luoropheny lcarbonylethen y l ) ] a n t h racene (40-F)  
A solventJess m ixture of 9-anthranylcarbaldebyde ( 3 7, 1 00mg, 0 .48mmo l )  and 4-
fluorobenzoyl methyl idenetriphenylphosphorane ( 3 2-F, 400mg, 1 .0mmol)  is heated at 1 40 
°C for 1 8h .  The cooled reaction mixture i s  subjected d i rect ly  to column chromatography 
on si l ica gel ( e l uent: benzene) and gives 40-F ( l l l mg, 7 1  %) as a yel low sol id, mp. 1 45 -
1 48 °C- Vmax ( KBr/cm' l ) 3046, 1 659, 1 597 ( s) ,  1 504, 1 4 1 0, 1 355 ,  1 267, 1 208, 1 1 52, 1 0 1 0, 
979. 850, 7 3 3 ;  4I (400 M Hz, CDC b )  7 . 1 8  (2H ,  dd, 3J =  8 .4 Hz, 3J =  8.4 Hz), 7.49 - 7 .54 
( 5 H ,  m ), 8 .0 1 - 8 .04 (2H,  m) ,  8 . 1 1 (2H,  dd, 3J =  9 .2  Hz, 4J = 5 .6  Hz), 8 .27- 8 .30 (2H,  m) ,  
8 .47 ( l H , s),  8 . 79 ( 1  H,  d,  3 J= 1 5 .6 Hz) ;  e C 1 00.5 M Hz, CDCb) 1 1 5 .9  (2C, C R, 2JcF = 22 .5  
Hz),  1 25 .2 (2C,  C H ), 1 25 . 5  (2c'  C H ), 1 26 .5  (2C, C H ), 1 28 .6 (CH ), 1 29 .0 (2C, CH) ,  1 29 .6 
(2C, Cqual) ,  1 30 .5 (2  , Cqual) ,  1 3 1 .3 (3C,  CH,  and 2CH 3 JCF = I L l Hz), 1 34 .2  (Cqual, 4JcF 
= 3 .0 Hz),  1 42 .2  (CH), 1 65 . 8  (Cqual, IJ F = 255 . 1 Hz),  1 88 .0  (Cqual, CO) .  
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29) 9- [ 2-E-( 4-Methoxyphenylcarbony letheny l )  ] -an  th  racene ( -to-O Me)  
nalogoLi to  the procedure u ed  for -to- F, 40-0Me \ as  prepared in 79% yield as a yel low 
l id, mp. 1 25 0 . - Vma' ( KBrlcm- 1 ) 2924, 1 654, 1 606, 1 595, 1 26 1 ,  1 1 74, 887, 733 ;  � 
(400 M Hz, CD b )  3 . 88  ( 3 K  s ,  OC H3) ,  6.98 (2H ,  d,  3 J = 8 . 4  Hz), 7.47 - 7 .53 (4H, m), 
7 .54 ( I l L  d, 3J =  1 6 .0 Hz), 8 .0 1 - 8 .04 (2K m) ,  8 .08 ( 2 H, d, 3J =  8 .4 Hz) .  8 .29 - 8.32 
(2 I I , m) ,  8 .46 ( 1  E, ), 8 . 76 ( I H, d, 3.1 = 1 6 .0 Hz);  � ( 1 00.5 M Hz, CDCb) 55.5 (OCl-b) ,  
1 1 · t O  (2c ' C H ), 1 25 .4 (4C,  CH)  1 26 .3  (2c' CH)  1 28 .2  (CE), 1 28 .9  ( 2C, C H) ,  1 29.6 
(Cqual, 2C), 1 30 .5  (Cqual) ,  1 30 .8  ( Cqual) ,  1 3 1 .0 (CH) ,  1 3 l .0 [5 ]  (2C, CH). 1 3 1 .3 (Cqual, 2C),  
1 4 l .0 ( C H ), 1 63 .6 (Cqual ) ,  1 88 .0  (Cqual, CO).  
30) 9- [2-E-( 4-Methylpheny lca rbonylethenyJ ) ]  -anthracene (40- M e) 
A solyentless mixture of 9-anthranylcarbaldehyde ( 3 7, 1 .63g. 7 .93mmol)  and 4-
methylbenzoylmethy l idenetriphenylphosphorane ( 32-5.0 g, 1 2.7mmol ,  and 40-Me)  is 
heated at 1 40 °C for 1 8h .  The cooled reaction mixture was subjected d irect ly to column 
chromatography on si l ica gel ( benzene) to give -to-Me ( 1 . 7 1  g, 67%) as a bright-yel lov 
sol id ,  1 23 - 1 25 °C; Vma' ( KBrlcm- 1 ) 1 659, 1 608, 1 593,  1 402, 1 3 85, 1 270, 734; c5ri (400 
M Hz, CDCb)  2 .44 ( 3 H ,  s, C H3 ) ,  7 .3 1 (2H,  d, 3J =  8.0 Hz), 7.50 - 7 .53  (4H, m), 7 .55  ( l H, 
d, 3 J = 1 5 .6  Hz) ,  7 .99 (2H,  d, 3J =  8 .0 Hz) ,  8 .02 - 8 .05 (2H ,  m ), 8 .29 - 8 .32  (2K m), 8 .48 
( 1 H, s), 8 . 78  ( 1 H, d, 3J =  1 5 .6 Hz) ·  ( 1 00 .5  M Hz CDCh) 2 1 . 7 (CH3 ), 1 25 . 3  (2c' C H ), 
1 25 .4 (2C, C H ), 1 26.4 (2C, CH) ,  1 28 . 3  (CH), 1 28 . 8  (2C,  C H ), 1 28 .9 (2C, CH) ,  1 29.5 (2c' 
C H ), 1 29 .6  (2C, Cqual ) ,  1 30 .3  (Cqual )' 1 3 1 . 1  (2C, Cquat) , 1 3 1 . 3 (CH), 1 35 . 3 (Cqual ) ,  1 4 1 .5 
(CH), 1 44 .0 ( CqUal ) ,  1 89 .2 (Cqual, CO) .  
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3 1 )  9- [ 2-E-C4 -BromophenyJcarbon. letheny l ) ] a n t h racene C40-B r) 
s h ntles m i xture of 9-antruanylcarbaldehyde ( 3 7. 570mg, 2 .76mmo l )  and 4-
brolllobenLOylmeth. l id  netriphenylphosphorane (32-Br, 2 .03g, 4 .42 mmo l )  is heated at 
1 450 for 1 h. The cooled reaction mixture i s  subjected d irectly to column 
cJu'omatography on si l ica gel (e luent :  benzene) and gives 40-Br ( 707 mg, 66%) as a 
yel low ol id , mp.  1 60 °  ; Ola, ( KBr/cm- ' ) 1 660, 1 597, 1 29 1 , 1 266, 1 2 1 6, 1 1 75 , 1 029, 1 007, 
883 . 842, 8 1 6. 738 ;  I I  (400 M Hz, CDCb) 7.47- 7 . 54  ( 5 H ,  01 ), 7 .63-7 .66 (2H,  m) ,  7 .92 -
7 .95 ( 2H ,  01 ), 8 .02 (2H ,  d, 3J = 8 .0  Hz), 8 .27  (2H ,  d, 3J = 7 .6 Hz), 8 .47 ( l H , s), 8 . 8 1 ( l H , 
d, 3J =  1 5 .6  Hz) ;  c ( 1 00 .5  M Hz, CDCb) 1 25 .2  (2c' CH) ,  1 25 . 5  (2C, C H), 1 26.6 (2C, CH) ,  
1 28 . 3  (CqUal ) ,  1 28 . 7  ( C H ), 1 29.0 (2C,  C H ), 1 29 .6 (Cqual ) ,  1 29.9 (Cquat), 1 30.2 (2C, CH), 
1 30 . 3  (CH). 1 3 l . 3 (Cqual) . 1 32 . l (2C,  C H ), 1 36.6 (CqUal ), 1 42 .5  (CH) ,  1 88 .5  (Cqual, CO). 
32) 9- [2 -E-( -'-ChlorophenyJcarbony letheny l ) ] an thracene (40-CI )  
solventles m ixture o f  9-antruanylcarbaldehyde ( 3 7, 788  mg, 3 . 825 mmol ) and 4-
chlorobenzoylO1ethy l idenetriphenylphosphorane (32-CI,  2 .54 mg, 6. l 3  mmol )  i s  heated 
at 1 30 °C for 1 4h .  Then addi t ional 4-chlorobenzoylmethyl idene-triphenylphosphorane 
(32-CL 650 mg. 1 .56 mmol ) is added, and the mixture is heated for another 5h .  The cooled 
react ion m ixture i s  subjected d irect ly  to column chromatography on s i l ica gel (e luent : 
benzene) and gives 40-CI ( 804 mg, 6 1  %) as a yel low sol id, mp. 1 40 - 1 42 °C; VOla, 
( KBr/cm" ) 3047, 1 660, 1 598, 1 586, 1 29 1 , 1 267, 1 2 1 3 , 1 0 1 0, 883 842, 733 , 674; 4l (400 
M Hz, CDCb) 7 .48 - 7 .54 ( 7H ,  m) ,  8 .0 1 - 8.05 (4H,  m ), 8 .27  - 8 .30 (2H,  m ), 8 .49 ( l H, 
s), 8 . 8 1 ( l H . d, 3J =  1 6 .0 Hz) ;  &: ( 1 00 .5  M Hz, CDCb)  1 25 .2  (2C, CH) ,  1 25 . 5  ( 2C, CH), 
1 26 .6 (2C, C H ), 1 28 . 7  (2C Cqual) ,  1 29.0 (2C, CH), 1 29 . 1 (CH), 1 29.6 (CH), 1 29.9 (Cqual), 
3 5  
1 30. 1 (2  , H) ,  1 30.4 (2C,  qual) ,  1 3 1 . 3 ( 2  , H ), 1 36.2 (Cqual ) ,  1 39 .6 (CqUal ), 1 42 .5  (CH ). 
1 88 .4 (Cqual, eO) .  
33) 9- l 2-E-(3-N i trophenylcarbonylethenyJ )  ] an tbracene (40-N02) 
olution of 9-9-antbran. lcarbaldeh de ( 3 7, 1 . 5 5g, 7 .53mmol)  and ,., .) -
nitrobenzoylmethy l idenetripbenyl pho phorane ( 32- 02, 4.46 g, 1 0 .5  mmol ) in CHC!] 
( 1 5  mL) i heated for 1 4h. The cooled reaction mixture i s  subjected directly to column 
chromatography on s i l ica gel (e luent : benzene) and gives 40-NOz ( 1 .30 g, 49%) as an 
orange olid, mp. 1 29- 1 3 1  °C ; max ( KBrlcm- ' ) 1 655 ,  1 592, 1 53 ] ,  1 346, 984, 726, 70 1 ;  � 
(400 M Hz, CDCb)  7 .48 - 7 .56 ( 5 H ,  m) ,  7 .70 ( l H , dd, 3J = 8 .0 Hz, 3J = 8.0 Hz). 8 .02 (2H 
d, J =  8 .4  Hz) ,  8 .27  (2H ,  d .  3J = 8 .4 Hz) 8 .3 7 -8 .39 ( l H , m ), 8 .4 1 -8 .44 ( l H , m),  8 ,47 (1 R, 
s) ,  8 . 86 ( l H , s) ,  8 . 87  ( 1 H , d ,  3J = 1 6 .0  Hz) :  c ( 1 00.5 M Hz, CDCb) ] 23 .5 (CH) .  1 25 .0  (2C, 
C H ), 1 25 . 5  (2C,  C H ), 1 26 .8 (2c'  C H ), 1 27 .3  (CH ), 1 29.05 (2C, C H ). 1 29. 1 (CH). 1 29 .3  
(Cqual) ,  1 29.6 ( equal )' 1 29 .7  ( C H ), 1 30 .0 (Cqual) ,  1 3 1 .2 ( C H ), 1 34 .2  (CH), 1 39. 1 (Cquat) .  
1 43 .9 (CH) ,  1 48 . 5  ( Cqual ) ,  1 87 .4 (equal, CO). 
2.3.3. P rocedu re C 
3ot) CycJoad d u ct 49a :  of 9-a nth ranylcarbaldehyde (37)  & 4-b romophenyl­
m ale im ide  ( 48a)  
A mixture of 9-anthranylcarbaldehyde ( 3 7,  206 mg, 1 .0 mmol )  and 4-
bromophenylmale imide (48a, 252 mg, 1 .0 mmol )  were held under magnetic st irring at 
1 1 0°C for 1 3h .  A fter 1 0  min . ,  the mixture formed a homogeneous melt that sol id i fied 
within further 20 min .  TLC of the cooled sol id  mixture (e luent CHC!)  re ea1ed s l ight 
i mpurities due to the start ing materia ls .  The reaction mixture was subjected to column 
chromatography on s i l ica gel (CHC! } )  to give 49a (430 mg, 94%) as a colourless sol id, 
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mp. 272 ° : I'rna, ( K Br/cm· l ) 307 L 2965 , 2853 . 275 1 , 1 779 ( w),  1 7 1 6, 1 489, 1 386, 1 1 96, 
1 1 78,  1 070, 1 0 1 4, 777,  5 53 : bil  (400 M Hz, CDCb)  3 .47 ( l R, dd, 3J = 8.8 Hz, 3 J= 3 .2 Hz), 
3 . 89 ( i l L  d, 3J = 8 . 8  Hz), 4 . 87  ( l l I , d. 3J = 3 .2 Hz). 6.39 (2H ,  d, 3J = 8.8 Hz), 7 .20 - 7 . 38  
(6R, m) ,  7.40 (2 1 1 ,  d ,  3 J = 8 . 8  Hz ) ,  7 . 46  - 7 .48  ( l H , m) ,  7 .69 - 7 .7 1 ( 1  H ,  m), 1 0 .9 ( l H, s, 
HO): t\ ( l 00 .5  M Hz. C DCb)  46.2 (CH ), 47.4 (CH) ,  48 .0  (CH ), � 7 .9 (CqUal ) ,  1 22.9 
( qual ), 1 23 .0 ( C H ), 1 23 . 7  ( C H) ,  ] 24 .8  ( C H ), 1 25 .6  (CH), 1 27 .0 ( C H ), 1 27 .4 (CH), 1 27 .6 
(CH ), 1 27 .7  (CH , 1 27 . 8  ( 2c' CH), 1 29 .9 (Cqual ) ,  1 32 .3  (2c' C H ), 1 36 .6  (CqUal) ,  1 3 8 .3  
( quat), 1 3 8 .8  (CqU:II ) ,  1 40.9 (Cqual) ,  1 74 .6  (Cquat, CON), 1 75 .0  (Cqual, CON), 1 99.6 (CHO) .  
35) Cycloadd uct  49b of 9-a n t h ra ny lcarbaldehyde (37)  and N-phenylmale im ide 
(48b)  
A mixture of 9-anthranylcarbaldehyde ( 3 7, 4 1 2  mg, 2 .0  mmol )  and 4-
methoxypheny lmale imide (48b, 346  mg,  2 .0 nm101) was held under magnetic st i rring at 
1 1 5 °C for 1 3h,  according to procedure C .  Column chromatography of the reaction 
m ixture on s i l ica gel (e luent : chloroform) gave 49b (653 mg, 86%). after crysta l l i zation 
from diethyl ether, as a pale yel low sol id ;  max ( KBr/em· l ) 3070, 2963, 2853 ,  2759, 1 776 
(w), 1 7 1 6, 1 597 (W), 1 498, 1 3 88,  1 1 95 , 762, 75 1 , 7 1 2, 693 , 553 ' bil (400 M Hz, CDC!})  
3 .46 ( 1  H,  dd, 3 J = 8.8 Hz, 3 J = 3 .2 Hz), 3 . 89 ( l H, d, 3 J = 8.8 Hz), 4 .88 ( l H , d, 3 J = 3 .2 
Hz), 6 .49 ( l H, m), 7 .20 - 7 .28 (9H , m ), 7 . 38  - 7 .40 ( l R , m ), 7 .47 ( l H , d, 3J = 8 .0 Hz), 
7 .70 - 7 . 73 ( l H, m ), 1 0 .88  ( l H, s, CHO);  c ( l 00 .5  MHz, CDC!}) 46.2 (CH), 47.4 (CH), 
48 .0  (CH), 57 .9  (Cquat ) ,  1 23 .0 (CH) ,  1 23 . 7 (CH), 1 24 .8  (CH) ,  1 25 .6 ( C H ), 1 26 .3  (2C, CH ), 
1 26.9 (CH ), 1 27 .4 ( C H ), 1 27 .6  ( C H ), 1 28 .9  (CH), 1 29 . 1 (3c'  C H ), 1 3 1 .0 (Cqual) ,  1 36 .6 
(Cquat ) ,  1 3 8.4 (Cqual ), 1 3 8.9 (Cquat ), 1 4 1 . 0 (Cquat) ,  1 74 .9  (Cqual, CO), 1 75 .4 (Cqual, CO), 
3 7  
1 99 .9  ( I IO) .  Found C ,  79.09;  I- { ,  4 . 7 1 ; , 3 .6 1 %. Calcd. for C25 H 1 7  03 (379.4 1 )  C, 
79. 1 4 : }-I , 4 .52 ;  , 3 .69%. 
36) Cycloadduet 4ge of 9-anthranylcarbaldehyde (37) and 2-methy lphenyl­
ma le imide (48e) .  
mixture of 9-anthranyIcarbaldehyde (37 ,  4 1 2mg, 2 .0mmo l )  and 2-methylphenyl -
maleimide (48c, 383mg, 2 .0mmol ) held under magnetic st irring a t  1 1 5°C for 1 5h, 
accord ing to procedure C. Crysta l l ization from ether gave 4ge ( as a m ixture of rotamers, 
779 mg, 98%) as a pale yel low sol id ,  mp. 280 °C; max ( KBrlcm- ' ) 2852,  2759, 1 727, 1 709, 
1 495, 1 463, 1 455 , 1 3 89, 1 2 1 8 , 1 20 1 , 758, 70 1 ;  0;, (400 MHz, CDCb) 3 . 5 1  ( l H , dd, A, 3J 
= 9.2 Hz, 3J =  3 .2 Hz), 3 . 52 ( l H, dd, B, 3J =  8 .8  Hz, 3J =  3 .6 Hz), 3 . 9 1  ( l H , d, A, 3J =  9.2 
Hz) ,  3 . 94 ( I H , d.  B, 3J =  8 . 8  Hz), 4 .90 ( l H, d, B, 3J =  3.6 Hz), 4 .9 1 ( l H, d, A, 3J =  3 .2 
Hz) ,  5 . 50  ( l H , d .  3J = 8 .0 Hz), 6.89-7 .78 ( l l H , m) ;  c ( 1 00.5 M Hz, CDCb) 1 6 .4 (A,  
C H3 )1 1 7 .6  (B ,  CH3 ), 45 .7 (A)/46.2( B )  (CH) ,  47 .5 (A)/47 .6( B)  ( C H ), 48 . 1 ( B )/48 .2(A) 
( C H ),57 .4(A)/57 .9( B )(Cqual ) , 1 22 .9(s)/ 1 23 .0( L )  (CH),  1 23 . 8 ( L )I l 23 .9(s) (CH), 
1 24 .7 (s )/ 1 24 . 8 (L )  (CH) ,  1 25 .7( L )/ 1  26.0(s) (CH), 1 26.6( s)1 1 26 .8 (L )  (CH), 1 26 .85 
( L)/ 1 26.9(s) (CH), 1 26.9(s)1 1 27 . 1 ( L )  (CH), 1 27 .4  ( L )1 1 27 . 5(s)  ( C H ), 1 27 . 5 (L )1 1 27 .6(s) 
(Cqual ) ,  1 27 .6  ( L )1 1 27 .6(s)  ( C H ), 1 27 .6 ( L)1 1 27 .8 (s) ( C H ), 1 30 .3  ( L)/ 1 30 .4(s)  (Cqual ) 1 30 .8  
( L )1 1 3 1 .0(s )  (CH) ,  1 3 5 . 3  ( L )1 1 3 5 .9(s )  (Cqual ) ,  1 36 .7 ( L)1 1 37 . 1 ( s )  (Cqual), 1 3 8 . 5  ( L )/ 
1 3 8 .85(s )  (Cqual) , 1 3 8 .9  ( L)1 1 39 .5 (s )  (Cqual ) ,  1 4 1 .0 ( L)1 1 4 1 .7 (s )  (Cqual) ,  1 74 .7  (A)1 l 74 . 8 (B )  
CO) ,  1 75 .2 ( A )/ 1 75 .3 ( B )  (NCO),  1 99 .8 ( B )1 1 99.9 (A)  (CHO) .  
37) ycloadd uct 62c of an thracene ( 1 6 ) and 2-methylphen Imale imide (48c) 
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mi, ture of anthracene ( J  6, 368 mg, 2.0 mmo1 ) and 2-methy\pheny\maJeimide (48c, 374 
mg, 2 .0  mmol)  \ ere held under magnet ic sti rring at 1 1 5 °C for 1 3h, according to 
pro edure . The reaction melt cr tal l ized during the reaction after ca. 30 min.  pon 
cool ing, a gre o l id  wa obtained that was fi l tered and crysta l l ized from ether to give 62c 
a a gre ish sol id  (690 mg, 9 1  %); mp. 252 °C VOla, (KBr/cm' ! ) 1 776 (w) ,  1 7 1 2  ( s), 1 493,  
J 466, 1 'l 8 1 ,  1 1 93 ,  759, 747, 730,  62 1 ,  538;  � (400 M Hz, CDCb) l .05 ( 3 H. s, A, CH3) ,  
2 .06 ( 3 H ,  . B ,  CH3 ) ,  3 .4 1  ( 2H ,  m, AlB) ,  4 .90 (2H ,  d,  3J =  4 . 8  Hz), 5 .5 1 ( l H , d ,  3J =  8 .0 
Hz),  6 .92 - 7 .48 ( l 2H ,  m) ;  ( 1 00 .5  MHz, C DCb,  DEPT 90,  DEPT l 3 5 )  1 6 .4 (A. C H3) ,  
1 7 .6 (B.  C H3 ) .  45 .3 ( A, C H ), 45 .8 ( B, C H ), 47 .2  (CH, NB), 1 24 .2  (A, CH), 1 24.4 ( B, 
C H ), 1 26.6 (CH,  A or B) ,  1 26 .8  (2C, CH,  B ), 1 26 .8  (2C, CH,  B) ,  1 26 . 8  (CH A or B) ,  
1 27 .2 (2C,  CH, B) ,  1 27 .3  (CH, A or B) ,  1 27 .4 (2C,  CH,  A), 1 27 . 7  (CH, A or B),  1 30 .6 
(Cquat, A) .  l 30 .7  (Cquat, B ) ,  1 30 .8  (CH, A),  1 40.0 ( C H ,  B) ,  1 35 .4 ( B. Cquat) .  1 36. 1 (A, Cquat), 
1 3 8 . 8  (2C.  B ,  Cquat) .  1 39 .3  (2c' A, Cquat ), 1 4 1 . 3 (2C, Cquat, B ), 1 4 1 .9 (2C, Cquat, A), 1 75 .9  
(2C.  quat, A, CO),  1 76 . 1 (2C,  Cquat, B,  NCO) .  Found C, 8 1 .99; H ,  5 . 1 3 ; N, 3 . 78%. 
Caled. for C25H 1 9N02 ( 365 .42) C, 82 . 1 7 ' H, 5 .24;  H, 3 . 83%. 
38) Cycloadduct 49d of 9-an thrany lcarbaldehyde (37)  and 4-methylphenyl-
m a le imide (48d)  
A mixture of 9-antlu'anylcarbaldehyde ( 3 7, 4 1 2  mg,  2 .0 mmol )  and 4-
methylphenyl maleimide (48d,  3 74 mg, 2 .0  mmol ) were held under magnet ic stirring at 
1 1 5 °C for 1 3h. according to procedure C .  St i rring proved to be d ifficul t .  TLC showed the 
presence of start ing material after 1 3h .  The cooled reaction mixture was d i l uted with d i ­
ethyl ether ( 1 0  mL) .  Thereafter, the sol id was fi l tered off and washed wel l  with diethyl 
39 
ether (3 X 1 5  m L )  to give 49d as a colorless so l id ,  mp. 248 °C (620 mg. 79°'0) ;  Vrna' 
( K Br/cm· l ) 3035 .  2963, 285 1 ,  275 L 1 778 (w) ,  1 7 1 6. 1 5 1 2 , 1 45 8. 1 3 87, 1 209, 1 1 6 1 .  774. 
60 1 .  43 . 509:  ' j  (400 M Hz, D b) 2 .28 ( 3 H ,  s, CHJ) ,  3 .47 ( l H, dd, 3J =  8 .4 Hz. 3J =  
3 .2 Hz), " . 88  ( I I I , d .  3J =  8 .4 Hz).  4 .88 ( l H, d, 3J =  3 .2 Hz), 6 .36 (2H ,  d,  3J =  8.4 Hz). 
7 .07 (2H .  d,  lJ = 8 .4 Hz).  7 . 1 8  - 7 .28 ( 5 H ,  m), 7 . 37  - 7.39  ( l H , m), 7.47 ( l H, d,  3J =  6.8 
l Iz) .  7.69 - 7 .72 ( l H . m), 1 0 . 87  ( 1 H. s, CHO) ; &: ( l 00 .5  M Hz, CDCb) 2 1 .2 ( C H3 ), 46.2 
( C H ). 47.4 (Cl I ). 48.0 (CH ) , 57 .9  (CqUal ), 1 23 .0 ( C H ), 1 23 . 7  ( C H ), 1 24 . 8  ( C H ), 1 25 .6 
(CH) .  1 26.0 (2C C H ), 1 26.9 ( C H ), 1 27 .3  ( C H ). 1 27 . 5  (CH), 1 27 .6 (CH ) , 1 28 . 3  (Cquat ), 
1 29 .8  (2C. CH) ,  1 36 .6 (Cqual ) .  1 3 8 .4  (CqUal),  1 3 8 .9 (Cqual ), 1 39. 1 (Cqual) .  1 4 1 .0 (Cqual), 
1 75 . 1  (CO , Cqual ) ,  1 75 .6 (CO , Cqual ) ,  1 99.9 (CHO ) .  Found C,  79 .50 ;  H ,  4 .90 ;  N,  3 .62%. 
Calcd. for C:�6H I 9N03 (393 .43 ) C.  79.37 ;  H. 4 .87 '  H, 3 .56%. 
39) Cycloadduct  4ge of  9-a n t h ranylcarbaJdehyde (37) and 4-methoxyphenyl­
male imide  (4Se) 
A mixture of 9-anthrany lcarbaldehyde ( 3 7, 206 mg, 1 .0 mmo 1 )  and 4-
methoxyphenylmaleimide (48e, 203 mg, 1 .0 mmol ) were held under magnetic stirring at 
1 1 5 °C for 1 3h, according to procedure C. ColuIlli1 chromatography of the reaction mix-
ture on s i l ica ge l  (e luent : ch loroform) gave 49d as a colorless sol id in  nearly quant. yield 
(405 mg), mp.  24 1 - 243 °C; \)nax ( KBrlcm· l ) 3068, 2962, 284 1 , 1 776 (w),  1 7 1 6. 1 609 (w), 
1 5 1 3 . 1 466, 1 39 1 , 1 302. 1 25 1 , 1 1 96, 1 1 7 1 , 1 030, 834, 779, 764, 548 ;  �� (400 MHz, 
CDC!) 3 .48 ( l H , dd. 3J =  8 . 8  Hz, 3J =  3 .6 Hz), 3 . 73 ( 3 H  s, OCH3 ), 3 . 87 ( l H, d. 3J =  8 .8  
Hz) ,  4 .88  ( l H, d,  3J =  3 .6  Hz) ,  6 .39  (2H,  d, 3J =  9 .2  Hz), 6 .78 (2H,  d.  3J =  9.2 Hz), 7. 1 9 -
7 .39 (6H,  m ), 7 .46 ( l H . d, 3 J =  7 .2  Hz), 7 .70 - 7 .72 ( l H, m),  1 0 .87  ( I  H ,  s, CHO) '  &: ( 1 00 .5  
MHz, C DC!] )  46.2 (CH ), 47 .4 ( C H ), 48 .0 (CH ), 5 5 .4 (OCH3 ). 57 .9  (Cqual ) ,  1 1 4 .4 (2C, 
40 
(' H) ,  1 23 .0 ( C I I ), 1 23 . 5  (Cquat ), 1 23 . 8  ( C H ). 1 24 . 8  ( C H ), 1 25 .6  (CH). 1 26.9 ( C H ), 1 27 .3  
(CH ), 1 27 .4  ( 2(' , H ). 1 27 .5  ( C H ). 1 27 .6  ( H ), 1 36.6 (Cquat ), 1 3 8 .4 (Cquat ) ,  1 38 .9 (Cquat), 
1 4 1 .0 (Cqual) .  1 59 .7  (Cquat), 1 75 .2 ( quat , 0) .  1 75 . 7  ( quat, CO), 1 99.9 (CHO).  Found 
, 76.43 ;  I L 4 .80; N. 3 .44%. Calcd. [or C26H I 9N04 (409.43 ) C, 76.27; H, 4.68; H. 3 .42%. 
40) Cycloadduct 49f of 9-an thra ny lcarbaldehyde (37)  and 2 ,S-d imet hoxyphenyl­
malei m ide  (48f) 
A mi:-.ture of 9-anthran lcarbaldehyde ( 3 7, 206 mg, 1 .0 mmo l )  and 2,5-
d imethoxyphenylmaleimide (48[, 233 mg. 1 .0 nunol )  were held under magnetic sti rring 
at 1 1 5 °C for 5h30min.  according to procedure C. The cooled, sol id ified reaction mixture 
wa taken up in d iethyl ether (20 m L )  and fi l trated and the fi l ter cake was washed with 
diethyl ether (2 X 1 5  mL)  to give .t9f as a pale brown sol i d  (4 1 0  mg, 93 . [4]%);  Vill" 
( KEr/cm' l ) 3069, 2937.  2834, 1 782, 1 7 1 3 , 1 5 1 3 , 1 456, 1 3 83 , 1 280, 1 230, 1 200. 1 1 62, 
1 047, 8 1 9. 76 1 ,  545 ; � (400 M Hz, CDCb)  3 . 52 ( l H, dd, 3J =  8.4 Hz, 3J =  3 .2 Hz). 3 . 58  
( 3 H .  s ,  OCH3) ,  3 .67 ( 3 H ,  s ,  OCH3 ).  3 .92 ( l H , d, 3J =  8 .4  Hz), 4 .88  ( 1 B.  d, 3J =  3 .2 Hz), 
5 . 1 4  ( 1 1-1, bs), 6 . 8 1 (2H,  bs), 7 . 1 9  - 7 . 74 ( 8 B . m) ; c't ( 1 00 .5  MHz, CDCb) 46.2 (A, C H )  / 
45 .7  ( B, C H ), 47 .6  (A,  C H )  / 47 .7  ( B. C H ). 48.2 ( A, C H )  / 48.4 ( B, CH), 55 .7  (A,  OCH3) 
/ 5 5 . 8  ( B ,  OCH3 ) ,  56 .3  (A,  OCH3 ) / 56.0 (B ,  OCH3) .  57 .4 ( B. Cquat) / 58 .0  (A,  Cquat ), 1 1 3 .0 
(CH,  A) / 1 1 3 . 1  (CH.  B), 1 1 3 .4 (CH .  A) / 1 1 4 . 1 (CH,  B),  1 1 6 . 1  (CH,  B) / 1 1 6 .6 (CH,  A), 
1 1 9 .9 (Cqual, AlB), 1 22 .9  (CH,  B )  / 1 23 .0 (CH, A), 1 23 . 5  (CH, B) / 1 24 .0  (CH,  A), 1 24 .6  
(CH.  B)  / 1 24 . 8  (CH,  A),  1 25 . 7  (CH ,  A )  / 1 25 . 8  (CH,  B) ,  1 26 .7  (CH,  B)  / 1 26 . 8  ( C 1-1, A),  
1 27 .0  (CH,  B )  / 1 27 . 1 (CH,  A), 1 27 .2  (CH,  B) / 1 27 . 3  ( C H, A), 1 27.4 (CH,  B )  / 1 27 .6  
(CH,  A) ,  1 34 .5  (Cqual, B )  / 1 36.9 (Cquat, A), 1 3 8 .6 (Cquat, B )  / 1 3 8 .7  (Cqual, A), 1 3 8 .8  (Cqual, 
A) / 1 39 .7  (Cquat, B),  1 4 1 .0 (Cqual, A) / 1 4 1 .9 (Cquat, B), 1 73 . 5  (Cquat, CO), 1 74 .3  (Cquat. 
4 1  
B. 0), 1 74 . 7  ( Cquat, , CO), 1 75 . 2  (Cqual, B. CO) 1 99.9 ( HO, A), 200.2 (CHO, 
8) .  
-t l )  Cycloadduct  49g of 9-a n t h rany lcarbaldehyde (37)  and 2,-t-d ifluorophenyl­
male imide (-t8g) 
mixture of 9-anthranylcarbaldehyde ( 3 7, 4 1 2  mg, 2 .0 mmol )  and 2,4-
d i tluorophenylmaleimide (48g, 4 1 8  mg, 2 mrnol ) were held under magnetic st irring at 1 1 5 
°C for 1 3h. according to procedure C .  The cooled, sol id i fied reaction mixture was taken 
up in diethyl ether ( 20 m L )  and fi l trated and the fi l ter cake was washed with diethyl ether 
(2 X 1 5  mL)  to give 49g as a pale brov\TI sol id ( 809 mg, 97 . [4]%), mp. 22 1 °C ; Vma\ 
( KBrlcm- l ) 3079, 2963 , 1 7 1 3 , 1 5 1 6  1 394 1 279, 1 1 94. 1 1 50, 1 702, 764, 754, 540; � (400 
M Hz. CDCb) 3 . 5 3  ( I R  dd, 3J = 8 .4  Hz, 3J = 3 .2 Hz),  3 .95  ( l H .  d, 3) =  8.4 Hz), 4 .88  ( I R  
d, 3J = 3 . 2  Hz), 5 . 79 ( I R  m), 6 .74 - 7 .73 ( lOH, m), 1 0 .9 ( I R  s CHO);  � ( 1 00 . 5  M Hz, 
C DC b) 46.2 ( C H ) .  47 .6  (CH), 48 . 1 ( C H ), 5 8 .0 (Cqual) ,  1 05 .0  (CH,  dd, JCF = 26. 1 Hz, JCF 
= 22.4 Hz), 1 1 2 .0  (CH,  bd, JcF = 2 1 . 7 Hz),  1 1 5 .0 (Cqual, dd, JcF = 1 4 . 3  Hz, JCF = 4 .5  Hz), 
1 23 .0 (CH), 1 23 . 8  ( C H ), 1 24 .9 ( C H ), 1 25 .6 (CH) ,  1 27 .0 ( C H ), 1 27 .4 (CH ), 1 27 .6 (CH) ,  
1 27 .7  (CH) ,  1 29 .6 (CH,  bd ,  JCF = 8 .9  H z) ,  1 36 .7  (Cqual) ,  1 3 8 . 5  (Cqual) ,  1 3 8 .7  (Cqual) 1 40 .7  
(Cqual ). 1 63 .0 (2c ' CqUaL, JCF = 252 .0  H z, JCF = 1 1 . 1  Hz), 1 74 . 1 (CqUal' NCO), 1 74 . 5  (Cqual, 
NCO),  1 99 . 5  ( C HO) .  
42)  Cycloadd u ct ... 9 h  of 9-an t h ranylca rbaJdehyde (37)  and 2,6-d ifluorophenyl­
male i m ide  ("'8h ) 
A mixture of 9-anthranylcarbaldehyde ( 37 ,  4 1 2mg, 2 .0nUllol )  and 2,6-d ifluorophenyl-
maleimide (48h,  4 1 8  mg, 2 .0  nID101 ) were held under magnetic stirring at  1 1 5°C for 1 3h, 
accord ing to procedure C .  The cooled crysta l l i zed adduct was washed with diethyl 
ether/hexane ( 1  : 1 )  to give -t9h ( 772 mg, 93%) as a pale beige solid, mp. 283 °C (dec . ) ;  v 
rna, ( KBr/cm- 1 3489 ( Vv ), 3083,  2965, 2869, 2764, 1 786 (w),  1 724 (s ) .  1 624, 1 599, 1 506, 
1 476, 1 3 79, 1 1 92, 1 008, 790, 77 1 ,  758 ,  740. 70 1 ,  534;  � (400 MHz, CDCb) 3 . 53  ( l R  
dd, JJ =  8 .4 Hz, 3J =  4 .0 Hz), 3 .96 ( l H, d, 3J =  8 .4  Hz), 4 . 86 (l H,  bs), 6 .74 - 7 .66 ( 1 1 H , 
111 ) ,  1 0 .9 ( l R  s, H O ; � ( 1 00 .5  MHz C DC! ) )  45 .9 (C H ), 47 .8  (CH) ,  48 .2  ( C H ), 5 7 .6 
(Cqual) ,  1 08 .0  (CqU<lI, m), 1 1 1 .9 (2C, m) ,  1 22 .9  (CH) ,  1 23 .4 (CH), 1 24 . 7  (CH) ,  1 25 . 8  (CH) ,  
1 26 .8  (CH), 1 27 .5  ( C H ), 1 27 .6  (CH) .  1 27 . 8  ( C H ), 1 3 1 .2 (m) ,  1 36 .2  (CqUal) , 1 37 .9  (CqUal)' 
1 39. 1 (Cqual) ,  1 4 1 . 3 (CqUal) ,  1 57 .8  (2C, Cqual. ddd, J =  257 .5  Hz, J =  1 8 .6 Hz, J =  3 .0 Hz),  
1 73 .2 (CqUal, NCO),  1 73 .6 (Cqual, CO),  1 99 .8  (CHO) . 
. t3 ) Cycloadd uct 56 of 9-a n thrany lca rbaldehyde (37)  and  n aphthoqu inone ( 54 )  
After photoaromati ation, column clu'omatography o n  s i l ica gel ( C I-hCh) gives 
cyc10adduct 56 as an orange- el low sol id ;  mp.  280 - 28 1 °C ; Vrnax (KBr/cm- l ) 1 730, 1 660 
1 6 1 1 1 59 1 ,  1 456, 1 292, 772, 7 1 2, 600; �I (400 M Hz, CDCb) 5 .98 ( l H , s) ,  7.08 - 7 . 1 1  
(4R m ), 7 .48 - 7 .50  (2H ,  111) ,  7.67 - 7.69 (2H ,  m) ,  7 .98 - 8 .00 (4H,  m ), 1 1 . 1  ( l H, s, 
CHO) ;  &: ( 1 00 .5  M Hz, C DC!) )  47 .8  ( C H ), 60.7 (Cqual) ,  1 24 .2 (2C,  CH) ,  1 24 .7  (2C, C H ), 
1 25 . 8  (2C,  C H ), 1 26 . 1 ( 2c' C H ), 1 26.4 ( C H )  1 26 .8  ( C H ), 1 3 1 .2 (CqUal) '  1 3 1 . 5 (CqUal ) ,  
1 34 . 1 (2C, Cqual ) - 1 34 .2  (2c' Cqual)' 1 4 1 .6 ( C H ), 1 43 .9  ( C H ), 1 55 . 8  (Cqual ), 1 56 .5  (Cqual) ,  
1 80 .8 (Cqual, CO),  1 8 1 .4 (Cqual, CO), 1 96 . 5  (CHO) .  
2.3.4. Proced u re D 
44) Cycloadduct  S l a -M e  of methyl 9-an thran  lacrylate (39-Me)  and 4-
bromophenylmale imide (48a) 
mixture of ..j.-brom phenylmaleimide (48a,  252mg, I mmol ) and methyl 9-
anthrany lacry late (39-262mg, I m mol, and M e )  was heated at 1 20°C for 3h45 min. The 
mixture in i t ia l l  produced a melt ,  which then sol i d i fied. The mixture was cooled and the 
sol id  wa taken up in  diethyl ether ( 1 5  m L )  and fi l tered . The fi l ter cake was washed with 
d iethyl ether (2 X 1 0  m L )  to give S i a- M e  ( 500 mg, 97 . (3 )%) as a colorless sol id, mp. 270 
- 279 °C; I 'max (KBrlcm- ' ) 3 4 1 3  (mul t .  w), 303 7, 2962, 1 776(w), 1 7 1 0 ( s ), 1 705 (s ) ,  1 646 
(v ). 1 499. 1 458 .  1 3 88 ,  1 3 1 4, 1 270, 1 200. 1 1 76, 777; �-j (400 M Hz, C DCb)  3 .43 ( l I-I ,  dd, 
3J =  8 .4  Hz, 3J = 3 .2 Hz), 3 . 52 ( I H, d, 3J =  8.4 Hz),  3 . 89 ( 3H ,  s, C02CH3) ,  4.89 ( l H , d,  3J 
= 3 . 2  I lz) .  6 . 38  ( 2H ,  d, 3 J = 8 .8  Hz), 6 .67 ( l R  d. 3 J = 1 6 . 8  Hz). 7 . 1 7  - 7 .45 ( l OH,  m).  
7 .95 ( l  H .  d .  3 J = 1 6 . 8  Hz);  c ( 1 00 .5  M Hz, CDCb)  45 .9 (CH ), 48 .0 ( C H ), 48 .2 (CH),  52 .0 
(OCH) , 52 . 1 (Cquat ) .  1 22 . 7  (Cquat ), 1 23 . 5  ( C H ). 1 23 .9 (CH) ,  1 24 .2  (CH), 1 25 . 5  ( C H )  
1 26 .8  ( C H ) ,  1 27 .2  (CH) ,  1 27 .3  ( C H ) ,  1 27 .4 (C H ), 1 27 .5  ( C H ) ,  1 27 . 8  (2C, C H ) ,  1 30. 1 
(Cquat ) ,  1 32 .2  (2C.  C H ), 1 3 8 .0  (Cquat) ,  1 39 . 1 (Cquat ), 1 40.6 (CqUal) ,  1 4 1 . 7 (Cqual), 1 42 .7  
(CH) .  1 66 .5  (Cqual, CO) ,  1 74 . 1 (CqUal, CO),  1 75 .0 (Cqual, CO).  
-'5) C cloadd uct S I d-Me of methyl  9-an thranylacry late (39-Me) and 4-
methyJphenylmale imide ( 48d) 
A m ixture of methyl 9-anthranylacrylate (9-Me, 262mg, 1 .0mmo l )  and 4-
methylphenylmaleimide (48d, 1 87mg, 1 .0mmo l )  was reacted at 1 30 °C for 3h 1 5  min ac-
cording to procedure D to give S I d-Me as pale yel low sol id  (400 mg, 89 %) ;  l'Inax(KBrlcm' 
' ) 3473 (mw),  2988, 2947, 1 778 ( w), 1 7 1 3  (s ) ,  1 5 1 3 , 1 394, 1 288, 1 1 99, 769; � (400 M Hz, 
D '!) 2 .27  ( 3 R  , HJ ), 3 .42 ( 1 1 1 , dd, 3J =  8 .4  Hz, JJ = Hz), 3 . 5 1 ( l H. d .  JJ = 8.4 Hz), 
3 . 88  ( 3 1-1,  . C02C HJ) ,  4 .90 ( 1  R d, J J = 3 .2 Hz), 6 . 35  (2H, d, J J = 8.0 Hz), 6.69 ( l R  d, 3J 
= 1 6 .4  Hz),  7 .06 (2H ,  d, 3J =  8 .0  Hz), 7. 1 8  - 7 .39 ( 7H ,  m ), 7.44 ( l H. d, 3J =  7.6 Hz), 7 .97 
( l H , d,  3J = 1 6 .4 Hz); c ( 1 00 . 5  MHz. CDC!) 2 1 .2 (CH3), 45 .9 ( C H ), 48 .0 ( C H ). 48.2 
(CH) ,  5 1 .9 (OCl b ), 52.0 (CqUal) ,  1 23 . 5  (C H ), 1 23 . 8  ( C H ). 1 24 .2 (CH) ,  1 25 . 5  (CH), 1 26. 1 
(2C,  H ), 1 26 . 7  ( C H ), 1 27 .2  ( C H ), 1 27 .3  ( C H ), 1 27 .4 (CH ), 1 27 .5  ( C H ), 1 28 .4  (Cqual) ,  
1 29 .7  (2C CH) ,  1 3 8 . 1 ( Cqunt ) ,  1 3 8 .9  (CqUal ) ,  1 39 .2 (Cqual ), 1 40 .8  (Cqual ), 1 4 1 .9 (CqUal ), 
1 42 . 8  ( C H ), 1 66.6 (Cqual, C02CH3) ,  1 74 . 5  (Cqual, C O), 1 75 . 5  (Cqual, CNO); Found: C, 
77 .52 ;  H, 5 . 1 7 ; , 3 . 1 2%. Calcd for C29H23 04 (449 .50)  C, 77 .49; H.  5 . 1 6 ; H. 3 . 1 2%. 
-16) Cycloadduct 5 1 e- M e  of methyl  9-a n t h ra nylacry late (39-M e )  and 4-
m ethoxy pheny l m a le i m ide  ( 48e) 
A mixture of methyl 9-anthrany lacrylate ( 39-Me, 1 86 mg. 0 .7 1 mmol )  and 4-
methoxyphenylmaleimide ( 48e, 1 44 mg, 0. 7 1  m mol ) were reacted at 1 1 5 °C for 3h 
according to procedure D to give 5 1 e- M e  as a pale yel low sol id  ( 294 mg,  89 %); ''Ina, 
( KB rlcm- l ) 2959, 2839,  1 7 1 3 , 1 5 1 4, 1 458 ,  1 395 ,  1 252, 1 200, 1 1 78, 1 033 , 775, 76 1 ;  Oil 
(400 M Hz, CDCb) 3 .42 ( l H , dd, 3J =  8 .4 Hz. 3J =  3 .2 Hz) 3 . 5 1 ( l H. d, 3J =  8.4 Hz), 3 . 72 
( 3 H, s, OCH3) ,  3 . 88 ( 3 H ,  s, OCH3) ,  4 .90 ( l H , d, 3J =  3 .2 Hz), 6 .37  (2H ,  d, JJ =  8.8 Hz), 
6 .69 (l H .  d ,  3J =  1 6 .4 Hz), 6 .77 (2H .  d,  JJ = 8.8 Hz), 7 . 1 8  - 7 .39 (7H,  m), 7 .44 ( 1 H, d, 3J 
= 6 .8  Hz) ,  7 .97 ( l H . d, 3J =  1 6 .4  Hz) ;  c ( 1 00 .5  M Hz, C DC!] )  45 .9 ( C H ), 48 .0 (CH), 48 .2 
(CH ), 5 1 .9 (OCH3). 52 .0 ( Cqual ), 5 5 .4 (OCH3) ,  1 1 4 . 3  (2C, CH),  1 23 . 5  (CH), 1 23 .7 (CqUal) ,  
1 23 . 8  (CH ). 1 24 .2  (CH) .  1 25 .5 (CH) ,  1 26 .7 (CH) ,  1 27 .2  (CH). 1 27 .3  (CH) .  1 27 .4 (CH), 
1 27 . 5  ( C H ), 1 27 .6  (2C, C H ), 1 29 . 7  (2C,  C H ), 1 38 .2  (Cqual) ,  1 39 .2  (Cqual ) 1 40 .8 (CqUal ), 
1 4 1 .9 (Cqual ), 1 42 .8  (C H ), 1 59 . 8  (Cqual ), 1 66 .6  (Cqual, C02CH3 ), 1 74 . 5  (Cqual, CNO), 1 75 . 5  
45 
( qual. ). F und . 75 .26; H. 4 .97; . 3 .00%. CaJcd. for C29Hn 05 (465 .50)  C. 
74.8" ; I L 4 .98 :  , 3 .0 1 %.  
"7)  Cycloadd uct 5 1 e-Et  of  e thy l  9-an tbranylacry late (39-Et )  and 4-
m ethoxy pheny lmale imide  ( 48e) 
A mixture of ethyl 9-anthran lacrylate (39- Et 1 77 mg, 0.64 mmol) and 4-
methoxyphenylmaleim ide ( 48e, 1 30 mg, 0.64 mmol)  were reacted at 1 1 0 DC for 1 3h ac-
cording to procedure D to gi e 5 1 e-Et as a colorless sol id (234 mg, 76 %),  mp. 1 49- 1 50 
DC ; � \na, ( K Br/cm' l ) 2979, 1 779 (w) ,  1 7 1 6  (s) ,  1 5 1 3 , 1 458 , 1 392. 1 300, 1 252, 1 1 98, 1 030, 
773 , 5 5 3 :  (5r! (400 MHz, C DCb)  1 . 3 8  ( 3 H. t, 3J =  7.2 Hz),  3 .42 ( 1 H, dd, 3J =  8 .4 Hz, 3J =  
3 .2 Hz), " . 52 ( I H. d,  3J =  8 .4  Hz), 3 . 73  ( 3 H  s, OCH3), 4 . 34  (2H,  q, 3J =  7.2 Hz), 4 .90 
( I E.  d. 3J =  2 . 8  Hz),  6 .38  (2H ,  d, 3J =  7 .6  Hz), 6 .69 ( I H , d, 3J =  1 6 .8  Hz), 6 .77  (2H,  d, 3J 
= 7 .6 Hz) ,  7 .20 - 7 .39 (6H.  m) .  7 . "  I ( 1  H. d, 3 J = 7 .6 Hz), 7 .44 ( l H  d, 3 J = 6 .8 Hz), 7 .96 
( l H. d. 3J =  1 6. 8  Hz) ' c (1 00. 5  M Hz, CDCb) 1 4 . 3  (CH3 ), 45 .9  (CH), 48 .0 (CH),  48.2 
( C H ), r2 .0  (CqUal) .  5 5 .4 (OCH3), 60 .8  (OCH2),  1 1 4 . 3  (2C .  C H ). 1 23 .6 (CH) .  1 23 . 8  (Cqual ) ,  
1 23 .9 ( C H ), 1 24 .2 (CH) ,  1 25 . 5  (CH) ,  1 26 .7  ( C H ), 1 27 .3  ( C H), 1 27.4 ( C H ), 1 27 .5 (2C.  
CH) ,  1 27 .6  ( C H ), 1 3 8 .2 (Cqual) ,  1 39 .3  (Cqual ) ,  1 40 .8  (Cqual ). 1 42.0 (Cqual) ,  1 42 .5  (CH),  
1 59 .6 (Cqual) ,  1 66.2 (Cquat, CO),  1 74 . 7  (Cqual, CNO), 1 75 . 7  (Cqual, CNO). 
48) Cycloadd u ct 5 1 e-Et  of etbyl  9-an t h ra ny lacry late  (39-Et )  and N-phenyl­
rn a le im ide (48b)  
mixture of ethyl 9-anthranylacrylate (39-Et .  276 mg, 1 .0 mmo l )  and N-
pheny lmale im ide (48b, 1 73 mg, 1 .0 mmol ) were reacted at 1 1 5 DC for 1 2h according to 
procedure D to give 5 1 e-Et  ( 3 92 mg, 87 . [ 3 ]%) as a colorless sol id ,  mp. 225 - 227 DC . l\n3' 
46 
(KBrlcm- 1 ) 1 7 1 6_ 1 495,  1 3 87 1 209, 1 1 9 1 , 1 1 59, 768, 756; DH (400 MHz, CDCb) 1 .38  
( 3 1 1 .  t, .1 = 7.2 Hz, C l b ), 3 .45 ( lH ,  dd ,  3. 1 = 8 .8  Hz ,  3.1 = 3 .2 Hz), 3 . 54 ( I H , d, 3.1 = 8 .8  
Hz), 4 .34 (2H. q,  3.1 = 7 .2  Hz, 0 1 1 2 ), 4 .9 1 ( I H, d, 3.1 = 3 .2 Hz) ,  6.46 - 6 .48  ( l H , m) ,  6.68 
( 1 H, d, J.1 = 1 6 . 8  Hz) ,  7. 1 8  - 7 .32  (lOB, m), 7 .3 7 - 7.40 ( I B , m),  7 .45 ( I H,  d, 3.1 = 8.0 
l Iz), 7 .95 ( i l L  d, J.1 = 1 6. 8  I lz) ;  ( ( 1 00 .5  M Hz, CDCb) 1 4 . 3  (Cl-b) ,  45 .9 (CH ), 48.0 
( C H ), 48.3 ( C H ), � 2 .0 (Cquat ) ,  60.9 (OCH2 ) ,  1 23 .6 (CH), 1 23 .9 (CH ), 1 24 .2  (CH) ,  1 25 .5  
(CH) ,  1 26 .4 (2c' C H ), 1 26 . 7  ( C H ), 1 27 .3  (CH) ,  1 27 .5  ( C H ), 1 27 .6 (CH), 1 28 .8  (CH), 
1 29.0 (2C C H ), 1 3 1 . 2 ( Cquat ) ,  1 3 8 . 1 (Cquat) ,  1 39.3 (Cquat), 1 40 .8 (Cquat ), 1 42 .0 (Cquat) ,  
1 42 .4 (CH),  1 66 . 1 (Cquat , CO),  1 74 .4 (Cquat, NCO), 1 75 .4  (Cqual, CO).  Found C, 77 .52;  
H ,  5 .24: , 3 .20%. Caled . for C29H23 04 (449.50)  C,  77 .49; H ,  5 . 1 6 ; , 3 . 1 2%. 
�9) Cycloadd uct 5 1 g-Et  of  etbyl-9-an tbrany lacry late (39-Et )  a n d  2,",­
d ifluoro phenylmale imide (4Sg) 
A mixture of eth 1 9-anthranylacry late (39-Et 552 mg, 2 .0 mmol )  and 2 ,4-
fl uorophenylmaleimide ( 4Sg, 4 1 8  mg, 2 .0  mmo l )  were reacted at 1 1 5 °C for 1 3h .  As there 
was a s l ight sol ub i l i ty o[ the product noted in  diethyl ether, the product was recrystal l i zed 
in etherlhexane 1 :  1 to give 5 1 g-Et  ( 883  mg, 9 1  %) as a pale yel low sol id, mp. 1 47 °C; t'max 
( KBr/cm- l ) 296 1 ,  1 720, 1 5 1 5 , 1 393 ,  1 2 1 7  1 1 94,  1 1 45 ,  1 1 0 1 , 973, 852, 790, 539; &: ( 1 00 .5  
MHz, C DC b )  1 60 .4  (Cquat, JcF = 267.0 Hz) ,  1 63 .0  (Cqual, JcF = 263 .0 Hz, .1CF = 1 1 .5 Hz), 
1 66. 1 (CO),  1 73 . 5 (NCO)- 1 74 .5  (NCO) .  
50)  Cycloadduct 5 1 h-Et  of ethyl  9-an thrany lacry la te (39-Et )  and 2,6-
d ifluoro phenylmale imide (4Sb)  
A mixture of ethyl 9-anthranylacry late (39-Et, 552 mg, 2 .0 mmo l )  and 2,6-
fluorophenylmaleimide (4Sh,  4 1 8  mg, 2 .0  mmo l )  were reacted at 1 1 5 °C for 1 3h .  As there 
-17  
was a l ight solubi l i ty of the product noted in diethyl ether. the product was recry ta l l i zed 
in eth r to giv 5 1 h-Et  ( 905 mg, 93%) a colourless sol id ;  Vrnax (KBr/cm" ) 3484, 3075. 
298 1 .  2935 ,  2873 . 1 7 1 7. 1 599. 1 507. 1 477. 1 458 , 1 3 75 . 1 309, 1 273 , 1 1 82, 1 1 6 1 .  1 1 1 5 . 
1 0 1 1 .  79 1 , 779, 759;  (� I ( 400 M Hz. C DCb)  1 . 39 ( 3 H , t, JJ =  7 .8  Hz, CH3 ), 3 . 53  ( l H , dd. 
3J =  8 . 8  Hz. 3J =  2 . 8  Hz), 3 .65 ( l H , d ,  3 J =  8 . 8  Hz). 4 . 35  (2H .  q .  JJ =  7 . 8  Hz, OCH2). 4 . 9 1  
( 1 H. d,  3J =  2 .8  Hz),  6 . 7 1  ( l H  d ,  JJ =  1 6 .8  Hz) ,  6 .75 - 7.46 ( l l H , m), 7 .97 ( l H , d ,  JJ =  
1 6 .8  Hz); c ( 1 00 .5  M Hz, CDCb) 1 4 . 3  ( C H3) .  45 .6 ( C H ). 48.2 (CH), 48.7 (CH), 5 1 . 8 
(CqUal) .  60.9 (OCH2).  1 1 1 . 8 (ddd. JcF = 20.0 Hz, JCF = 20.0 Hz, JCF = 4 .0  Hz) .  1 23 .4 ,  1 23 .8 .  
1 24 . 1 .  l r .5 ,  1 26 .7, 1 27 . 3 ,  1 27 .4 . 1 27 .6, 1 3 1 . 1  ( dd,  JcF = 9 .7  Hz, JCF = 9 .7  Hz),  1 3 7 .6, 
1 '1 8 .9. 1 4 1 . 1 ,  1 42 .2 .  1 42.4,  1 5 7.9 (ddd, JCF = 254.3 Hz, JCF = 22.6 Hz, JCF = 3 . 5  Hz), 1 66. 1 
(Cqual• CO), 1 72 . 7  (Cqual• CO), 1 73 . 7  (Cqual, CO). 
51 ) Cycloadduct  53a of 9-an t h ra ny lacryl ic acid / 4-methylphenylmale im ide (4d)  
A mixture of anthranylacry l ic acid (39- H ,  1 90 mg, 0 .76 mmo l )  and -(4-methylphenyl )  
maleimide (48d,  1 60 mg, 0 .85  mmol )  in  xylene (0 .5  mL) was heated under refl ux for 1 4h .  
Thereafter. the cooled suspension was taken up with d iethyl ether (5 mL),  and the 
resul t ing precipi tate was fi ltered and washed to give cycloadduct ( 53a, 230 mg, 69%) as 
an off-white sol id ,  mp. 288 - 29 1 DC; l'max ( KBr/cm" ) 3 700 - 2850 ( bs, OH),  3 1 68, 1 780 
(w) ,  1 70 1  (s) .  1 664 (w),  1 5 1 5 , 1 457 . 1 398, 1 282, 1 2 1 5 . ] 1 85 , 1 1 70, 99 1 (w).  773; c5H (400 
M Hz, CDCh) 2 .28  ( 3 R ,  s, C H3 ), 3 .45 ( 1  H. dd. 3 J = 8 .8  Hz, J J = 3 .2 Hz), 3 . 56  ( l  H, d, JJ 
= 8 . 8  Hz) 4 .92 ( l H, d ,  3J =  3 .2 Hz),  6 . 36  (2H ,  d, JJ =  8 .0  Hz),  6 .74 ( l H, d, 3J =  1 6 .4 Hz), 
7 .07 (2H, d,  JJ =  8.0 Hz), 7.23 - 7.48 ( 8H .  m) .  8 . 1 1 ( l H, d, JJ =  1 6 .4 Hz); &:- ( 1 00 . 5  MHz, 
CDC!] )  2 1 .6 ( C H3 ), 45 .9  (CH), 48 . 1 (CH ), 48 .2 ( C H ), 52 . 1 (Cqual) ,  1 23 . 5  (CH), 1 23 . 8  
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( H ), 1 24 . 3  ( C H ), 1 25 . 5  (CH), 1 26. 1 ( 2C, H). 1 26 .8  ( C H ), 1 26.9 ( C H ), 1 27 .3  ( C H ), 
1 27.4 ( I I ) ,  1 27 .5  ( I I ) ,  1 28 . 5  (Cqual ). 1 29 .7  (2C, CH)  1 3 8 . 1 (Cqual ). 1 3 8.9 (Cqual ), 1 39. 1 
( qual) ,  1 40 .8 (Cqual ) ,  1 4 1 . 7 (Cqual), 1 45 .4 (CH) ,  1 70 .7  (Cqual, CO), 1 74.4 (Cquat, CO), 
1 75 . 5  (Cquat, CO). 
52) Cycloadduct  53b of 9-anth ranylacry l ie  acid (39- H )  and N-p­
bromopbeny l male imide (48a) 
mixture of 9-anthranylacryl ic acid ( 39-H ,  95111g, and 0 . 38mmol )  and -p-
bromophenyl-maleimide 48a, 1 05 mg, 0.42 mmol )  in xylene ( 1 .3 mL)  was stirred at 1 35 
°C for 40h. Aftef\vards, the cooled suspension was fi ltered and washed wel l  with ether ( 3  
x 1 � mL)  to g i  e 53b ( 1 74 mg, 9 1 . (6)%); mp. > 270 °C; Vmax ( K Br/cm· 1 ) 3600 - 2800 (bs, 
OH), 1 773 ( w) .  1 704 ( s ), 1 646 (w),  1 49 1 ,  1 459, 1 3 89, 1 289 ( w) .  1 1 97, 753 ;  � (400 MHz, 
DMSO-d6) 3 .46 ( l H ,  dd, 3J =  8 .0  Hz, 3J =  2 .4 Hz), 3 .75 ( l H,  d, 3J =  8 .0  Hz), 4 .88 ( l H, d, 
3J =  2.4 Hz), 6.37 (2H .  d,  3 J =  8 .4 Hz), 6 .50 ( l H , d, 3 J =  1 6 .4 Hz), 7 . 1 8  - 7 .55  (lOH, m), 
7 .7 5 (l H ,  d.  3J = 1 6 . 4  Hz) ;  (� ( 1 00 .5  M Hz, DMSO-d6) 45 . 3 ,  48 .3 , 5 1 .6, 1 22 .0, 1 23 .2 ,  
1 23 .7, 1 24 .9, 1 25 . 7, 1 26.9, 1 27 .3 , 1 27.4, 1 27 .5 , 1 28 .5 .  1 28 .9  (2C, C H ), 1 3 1 . 3 , 1 32.4 (2c' 
CH) ,  1 39. 1 ,  1 39 .9. 1 4 1 . 5 , 1 42 .4 , 1 42 .5 , 1 67 .4 (Cquat, C02H), 1 74 .9 (Cquat, NCO), 1 75 . 5  
(CqUal' NCO).  
53) Cycloadduct  S8e of 9-(3-n i tropbenyl )an thra ny laeryl ic acid and 4-
bromophen Imale im ide (48a)  
A mixture of 9-(3-nitrophenyl )-anthranylacry l ic  acid  (29 1 mg, 0 .79 mmol ) and -(4-
bromophenyl )-maleimide ( 48a, 200 mg, 0 . 79 mmol ) in  xylene ( 1 . 5 mL)  was heated under 
reflux for 68h.  The cooled suspension was fi l tered and washed copiously with ether (4 X 
49 
1 5  mL)  to give a beige so l id (450 mg. 9 1 . [ 5 ]%), mp. 260 °C; Vrnax ( KBr/em- ' ) 3600 - 2870 
( bs . O I I ). 3 3 89. 3 1 30, 1 7 1 6 ( s ), 1 524, 1 490, 1 3 85 ,  1 3 5 1 , 1 1 96 .  
5�)  CycJoadd uct 58b of 9-phenylanthranylacryl ic acid and  -t-bromopbenyl­
male imide  (-ta )  
A mixture of 9-phenylan thranyl acryl ic  ac id (255mg, 0 .790111101 )  and -(4-bromophenyl )-
malcimide (48a, 200 mg, 0 . 79 mmol )  in xylene ( l . 5 mL)  was heated under reflux for 68h.  
The cooled suspension was fi l tered and washed copiously with ether (4  X 1 5  mL)  to give 
a beige sol id (400 mg, 88%).  as a pale beige sol id,  mp. 265 - 266 °C; Vrna, ( KBrlem- ' ) 3680 
- 2800 (bs, OH) .  3426, 1 779 (w) ,  1 7 1 7  (s ) ,  1 650 ( w),  1 492, 1 384, 1 1 95 , 1 070 (w),  1 0 1 3  
( \  ) , 777, 703 , 652.  
55) CycJoadduct E-52d-F of 9- [ 2-(4-fluorophenylcarbonylethe ny l ) ] an thracene 
( E-40-F) and N--t-m etby lpbenylmale imide ( 48d) 
sol ution of E--tO-F ( 250  mg, 0 .77 m11101 )  and -(4-methylphenyl)-maleimide (48d, 1 60 
mg. 0 .86 mmo l )  in xylene (0 .5  mL)  was held at reflux for 1 4h .  Thereafter the cooled 
solution was subjected to column chromatography on s i l ica gel ( hexane/etherlCH2Ch 
1 : 1 : 1 )  to  give E-52d-F ( 3 84 mg,  97%), as pale-yel low sol id .  mp. 1 20 - 1 23 °C; 
Vrna,( KBrlcm- ' ) 307 1 ,  295 8 .  2925, 1 7 1 2  ( s). 1 675 ,  1 5 1 4, 1 3 87, 1 223 ,  1 1 56, 768; �1 (400 
M H z, CDCb) 2 .28 ( 3 H ,  s, CH3 ), 3 .47 ( l H, dd, 3J =  8 .8  Hz, 3J =  3 .2 Hz), 3 .65 ( ll- I ,  d, 3J 
= 8 .8  Hz), 4 . 86 ( t H. d, 3J =  3 .2 Hz) 6 .37  (2H,  d ,  3J =  8 .4 Hz), 7 .09 (2H ,  d 3) =  8.4 Hz), 
7 . 1 7  - 7 .47 ( l OH ,  m) ,  7 .84 ( l H, d.  3J =  1 6 .4 Hz), 8 .00 ( l R, d, 3J =  1 6 .4  Hz). 8 . 1 9  - 8.22 
( 2H .  01): � ( 1 00 .5  M H z, C DCb)  2 1 .2 (CH3 ), 45 .9 (CH), 47.8 (CH), 48.5 (CH ), 52 .5  
(Cqual) ,  1 1 5 .9 (2C, CH,  2.;; F = 2 1 . 5 Hz), 1 23 . 5  ( C H ), 1 24.0 (CH), 1 24 . l (CH), 1 25 . 5  ( C H ), 
1 26.2 (2c' C H). 1 26 .8  ( C H ), 1 27 .4 (2C, bs, C H ), 1 27 .5  (CH)  1 28 . 5  (Cqual) ,  1 29 .8 (2C, 
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I I ), 1 3 1 .2 (  H ), 1 3 1 . 7 ( 2C, H , 3Jcf- = 9.7 Hz), 1 34 . 1 (CqUUI. 4JCF = 9 .7  Hz) ,  1 38 .2 (Cqual ), 
1 39. 1 ( qual) ,  1 " 9 .4 (Cqual ) ,  1 40 . 8  ( quat) ,  1 42 .2  (Cquat ), 1 42 .4 (CH ), 1 65 . 8  (Cqual, llcF = 
253 .  HL) ,  1 74 . 8  ( qual. ). 1 75 . 5  (Cqual, 0),  1 88 .8  (Cqual. CO).  
56) CycJoadd uct E-S2e- F of  9- [ 2-(4-fluorophenylcarbonyletheny l ) ] a n t h racene 
(E-",O- F) and N-.t-methoxy p henylmale imide (48e) 
A o lution of E-.tO-F (250 mg, 0 .77  mmol )  and -(4-methoxyphenyl )-maleimide (",8e, 
1 80 mg. 0 .89 mmo l )  in  xylene (0 .5  m L )  was held at reflux for 1 4h .  Thereafter the cooled 
sol ut ion was ubjected to column chromatography on s i l ica gel ( hexane/ether/CH}Ch 
1 : 1 : 1 )  to gi e E-S2e- F (402mg, 99%) as a pale-yel low sol id, mp. 1 89- 1 94°C; 
Itna., (KBr/cm- 1 ) 1 709 ( ), 1 5 1 3  ( s) ,  1 393 , 1 252, 1 225 ,  1 1 57, 1 03 1 , 83 1 , 768, 75 1 , 566' 
��(400 M Hz, CDC!) 3 .47 ( l H , dd. 3J = 8.8 Hz, 3J = 3 .2 Hz), 3 .65 ( l R  d, 3J = 8.8 Hz), 
3 . 74 ( 3 H. s, OCH3 ). 4 . 86 ( l H , d,  3J = 3 .2  Hz),  6.39 (2H,  d ,  3J = 8.8 Hz), 6 .79 (2H, d,  3J = 
8 .8  Hz , 7 . 1 6  - 7.45 ( 1  OH ,  m) ,  7 . 84 ( 1 H, d, 3J = 1 6 .4 Hz). 7 .99 ( 1  R d, 3J = 1 6.4 Hz), 8 . 1 9  
- 8 .2 1 (2H,  m) '  ( 1 00 .5  M Hz, C DCb)  45 .9 (C H ), 48 .0  (CH), 48 .4  (CH) ,  52 . 5  (Cqual), 
55 .4  (OCH3) ,  1 1 4 . 5  (2c' C H ), 1 1 5 .9 (2c' CH,  
2JCF = 22.3  Hz), 1 23 . 5 (CH ), 1 23 . 7  (Cquat) ,  
1 24 .0  ( C H ), 1 24 . 1 (CH), 1 25 . 5  ( C H ), 1 26 .8 ( C H ), 1 27 .3  (CH), 1 27.4 ( C H ), 1 27 .5  ( C H ), 
1 27 .6 (2c'  C H ), 1 3 l .2 ( C H ), 1 3 l .6 ( 2C CH,  3 JcF = Hz), 1 34 . 1 (Cqual, 4JCF = 5 .2  Hz), 1 3  8 .2 
(Cqual ) ,  1 39 .5  (Cquat) ,  1 40 .8  (Cquat) ,  1 42 .2  (Cqual ), 1 42 .4 ( C H ), 1 59.7 (Cqual ), 1 65 . 8  (CqUal, 
I JcF = 255 . 1 Hz),  1 75 .0  (Cqual, NCO),  1 75 .7  (Cqual, NCO), 1 88 .8  (Cqual, CO).  
5 1  
57) ycloadduct £-S2a-F of 9-[ 2-(4-fl uorophen !ca rbon letheny l ) ] -anthracene 
( E-40- F)  and N-4-bromophenylmale imide (48a) 
A so lution of  £-40-F (250 mg, 0 .77 mmo l )  and -(4-bromophenyl ) -male imide (48a, 220 
mg, 0 .87  1111110 1 )  in xylene (0 . 5  m L )  was held at reflux for 1 4h .  Thereafter, diethyl ether 
(20 mL)  \\ as added to the cooled sol ution, and the flask was left to stand overnight at 
room temperature .  
Th� precipitate was fi l tered and air-dried to give E-S2a-F (422 mg 95%) as a pale-yel low 
o l id,  mp. 266-270°C ' Vmax ( KBrlcm- l ) 2923 , 1 7 1 3  ( s) ,  1 490, 1 3 88,  1 22 1 , 1 1 90, 1 1 54, 779; 
� (400 M H z, CDCh) 3 .49 ( 1 H, dd, 3J =  8.4 Hz, 3J =  3 .2 Hz), 3 .66 ( l H, d, 3J =  8 .4 Hz), 
4 . 84 (l H,  d, 3J =  3 . 2  Hz) ,  6.39 - 6.4 1 (2H ,  m), 7 . 1 6  - 7.48 ( 1 2H, m), 7 .82 ( l H , d,  3J =  
1 6 .4 Hz) ,  7 .99 ( l H . d, 3J =  1 6 .4  Hz),  8 . 1 8  - 8 .2 1 ( 2H ,  m) ;  k ( 1 00 .5  MHz, CDCh) 45 .9 
(CH).  47 .9 ( C H ), 48 .5  ( C H ), 52 .5 (CqUal ) .  1 1 5 .9 (2C, CH,  2JCF = 2 1 .3 Hz).  1 22 .9 (Cqual ) ,  
1 23 . 5  ( C H ), 1 24 .0  ( C H ), 1 24 .2  ( C H ). 1 25 . 5  (CH) ,  1 26.9 (CH), 1 27.4 (CH ), 1 27 .5  (CH), 
1 27 .6  (CH) .  1 28 .0  (2C, C H ), 1 30 . 1 (Cqual ) ,  1 3 1 . 3 (CH) ,  1 3 1 .6 (2C, CH,  3 JCF = 9.6 Hz), 
1 32 .3  (2C, C H ), 1 34 .0 (Cqual , 4JcF = 3 .0 Hz), 1 38 . 1 (Cqual) ,  1 39.4 (Cqual) ,  1 40 .6 (CqUal) ,  
1 42 . 1 (Cqual) ,  1 42 .2  (CH) ,  1 74 .4  (Cqual, NCO), 1 75 . 1 (Cqual, NCO), 1 88 .7  (Cqual' CO).  
58) Cyc10adduct  E-S2d-Br of 9- [2-(4-bromophenylcarbonyletheny l ) ] -an thracene 
( E-40-B r) and N-4-methy lphenylmale imide (48d)  
A solut ion of E-40-Br (280mg, O .  77mmol )  and N-( 4-methylphenyl )-maleimide ( 48d, 1 60 
mg, 0 .86 mmol)  in  xylene (0 . 5  m L )  was held at reflux for 1 4h .  Afterwards, to the cooled 
sol ution was added a mixture of hexane and ether ( 1 : 1 v/v, 1 0  mL) .  The f01111ed prec ipitate 
was fi l tered, washed with hexane/ether 1 1 1 (1 0 m L )  and air dried to gi e E-52d-Br as a 
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pale y e l lo\', sol id (423 mg, quant . ), rnp. 1 28 - 1 30 °C; Vma ( KBrlcm· l ) 2923, 1 777 (w), 
1 7 1 2 , 1 672, 1 626, 1 584, 1 5 1 4, 1 3 86, 1 1 95 ,  1 ]  75,  ] 009, 767; � (400 M Hz, CDCb) 2 .28 
( 3 I I ,  s. 1 11 ), &: ( l  00.5 MHz, CDCb)  2 1 .2 ( H3) ,  45 .9 ( C H ). 47 .9 (CH). 48 .4 (CH), 52 .5 
( quat) .  1 23 . 5  ( C I I ), 1 23 .9 ( H ), 1 24 .2  (CH), 1 25 .6 ( C H ), 1 26 .2  (2C, CH), 1 26 .8  (CH). 
1 27 .3  ( C I I ) , 1 27 ,4  (CH) .  1 27 .5  ( C H ), 1 28 .4  (Cquat) ,  1 28 . 5  (Cquat ) ,  1 29.8 (2C, C H ), 1 30 .5 
(2C, C II ). 1 3 1 . 1  ( C H ), ] 32 . 1 (2C,  C H) ,  1 36 .4 (Cquat ) ,  1 3 8 . 2  (Cquat ) ,  1 39 . 1 (Cquat) ,  1 39.4 
( quat ) .  1 40 .8  (Cquat ) ,  1 42 .2 (Cqual) ,  1 42 .8  ( C H ), 1 74 . 8  (Cquat, NCO), 1 75 .5 (Cqual, NCO), 
9.4 (Cquat, CO) .  
59) Cycloadd uct  E-S2f-Me of  9- [ 2-(4-metby lphenylca rbonyletbeny l )-anthracene 
(E-40-Me)  and N-2,S-d imethoxypheny lmale imide  ( 48f) 
o lut ion of E-40-M e  ( 322 mg, 1 .0 mmol )  and -(2,5 -d imethoxyphenyl )-maleimide 
( ... 8f. 233 mg, 1 .0 mmol)  i n  xylene (0 .5  m L )  was held at reflux for 1 4h .  Afterwards, to the 
cooled o lution was added ether (3 rnL) .  The fonned precipi tate was fi l tered, washed with 
hexane/ether I I I ( 1 0  mL)  and air dried to give E-S2f- M e  as a pale yel low sol id ( 555  mg. 
quanL) ,  mp. 25 1 °C ; "max ( KBr/cm· l ) 2965 ,  2839, 1 78 1  (w) ,  1 707 ( s), 1 672, 1 633 ,  1 603, 
1 509, 1 458 ,  1 3 84,  1 28 1 ,  1 225 ,  1 205,  1 1 82,  1 044, 1 023, 807, 770, 760, 570; � (400 M Hz, 
CDCb, major rotarner) 2 .43 ( 3 H ,  s, C H3) ,  3 . 5 1 ( I R  dd, 3J =  8 .4  Hz, 3J =  3 .4 Hz), 3 . 58  
( 3 R  S ,  OCH3).  3 .67 ( 1 H, d, 3J =  8 .4 Hz), 3 . 70 ( 3H ,  s ,  OCH3), 4 .93 ( 1 H, d, 3J =  3 .4 Hz), 
6.82 - 6 .85  (2H ,  rn ), 7 . 1 9  - 7 .47 (6H,  rn ),  7 .84 (l R  d, 3J =  1 6.0 Hz), 7 .99 ( 1 H, d, 3J =  
1 6 .0 Hz),  8 .08 ( 2 H ,  m) ;  &: ( 1 00 . 5  M Hz, CDCb, major rotarner) 2 1 .8 ,  46.0, 48.2,  48 .7 ,  
52 . 5 , 5 5 .7 . 56.4, 1 1 3 . 1 ,  1 1 3 .4,  1 1 6 . 5 ,  1 20 .3 ,  1 23 .8 ,  1 24 .0, 1 24 . 1 ,  1 25 .6, 1 26.8,  1 27. ] ,  
1 27.2,  1 27 . 3 ,  1 29 .2 (2C), 1 29 .5  ( 2C) ,  1 3 1 .6, 1 35 .2,  1 3 8 .6, 1 39 .9, 1 40 .8 ,  1 4 1 . 8, 1 42 .3 ,  
1 44 .0, 1 49.0, 1 53 .4,  1 74 .3 ,  1 75 .2 ,  1 90.0 .  
60) ycIoadd uct E-52d-M e  
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of 9- [ 2-( ... -methylphenylcarbonyletheny l ) ] -
a n t h racene (E-40- M e) and N-"'-meth I pheny lma le imide (48d) 
A lut ion of E-"'O- M e  ( 322 mg, l .0 mm 1 )  and - (4-methylphenyl )maleimide (48d,  1 87 
mg. 1 .0 mmo l )  in xylene (0 . 5  m L )  was held at refl ux for 1 4h .  fterwards, to  the cooled 
solution \-vas added ether (2 . 5  mL)  and hexane (2 . 5  mL) .  The precipitate was fi l tered. 
washed with hexane/ether ( 1 :  1 ,  vil', 3 m L )  and air-dried to gi e E-52d- M e  (4-1- 1 mg. 87%) 
as a pale yeJ lo\ ol id, mp. 1 88 °C; Villa, ( KBrlcm' l ) 2923 , 1 7 1 2  (s) ,  1 5 1 3 , 1 3 86, 1 3 1 1 ,  
1 1 8-1-,  768: � (-1-00 1 Hz, CDCb) 2 .28  ( 3 H .  s, CH3) ,  2.43 ( 3 H ,  s, CH3) ,  3 .65 ( l H , d, 3J = 
8 .4 Hz), 3 A8 (1 H .  d, 3J = 8 .4 Hz) ,  4 .93 ( 1 R  bs), 6 .37 ( 2H ,  d, 3J = 8 .4 Hz), 7 .08 - 7.47 
( 1 2H .  m) ,  7 . 84 (lH ,  d, 3J = 1 6 .0 Hz), 7 .99 ( 1 H, d,  3J =  1 6 .0 Hz), 8 .06 - 8 .09 (2R m) ;  &: 
( l  00.5 M Hz, CDCb, DEPT 90, DEPT 1 3 5 )  2 1 .2 ( H 3 ). 2 1 . 8 ( C H3 ) ,  45 .9  (CH) ,  47.9 (CH) 
48 . 5  (CH) ,  52 .5  (Cqual ) ,  1 23 .6  ( C H ), 1 24 .0  ( C H ), 1 24 . 1 ( C H ), 1 25 . 5  (CH ). 1 26.2 (2C,  CH) ,  
1 26 .8  (CH) .  1 27 .3  ( C H ), 1 27 . 3 ( 5 )  (CH)  1 27 . 5  ( C H ), 1 28 .6  (Cqual) .  1 29. 1 (2C,  C H ), 1 29.4 
(2C, CH), 1 29 .8  (2C, CH), 1 3 1 .6 ( C H ), 1 3 5 . 2  (CqUal ) ,  1 3 8 .2  (CqUal ) ,  1 39 .0 (CqUal ) ,  1 39.6 
( Cqual) ,  1 40 .8  (CqUal) ,  1 4 1 . 8 ( C H ), 1 42 .3  (Cqual) ,  1 44 .0  (Cqual) ,  1 74 .7  (Cqual, NCO), 1 75 .6 
(Cqual, CO). 1 89.9 (CqUal. CO).  
6 1 )  Cycloadd u ct E-52e-M e  of 9- [ 2-(4-methy lpheny lcarbonylethenyl ) ] -
a n t h racene ( E-.tO-Me)  and N-4-methoxypheny lma le im ide (.t8e) 
A solution of E-40-Me ( 322 mg, 1 .0 mmol )  and -(4-methoxyphenyl )maleimide (48e, 
223 mg. 1 . 1  mm01) in xylene (0 . 5  m L )  was held at reflux for 4h .  Afterwards, to the cooled 
solution was added ether ( 2 . 5  m L )  and hexane ( 2 . 5  mL) .  The precipitate was fi l tered, 
washed with hexane/ether ( 1 :  L v/v, 3 m L )  and air-dried to give E-52e-Me ( 505 mg, 95%) 
as a beige colored sol id, mp. 1 96 °C; Vm3X (KBr/cm' l ) 306 1 ,  2962, 1 776 (w), 1 7 1 2  ( s) ,  
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1 674, 1 626, 1 406, 1 5 1 3  ( s ), 1 457, 1 396, 1 3 1  L 1 300, 1 249, 1 229, 1 2 1 2, 1 1 84, 1 1 68 . 1 027. 
767; ( 1 (400 M Uz. C D  b )  2.43 ( 3 H .s. C HJ ), 3 . 73 ( 3 H ,  s, OCH3), 3 .47 ( 1 H, dd, 3J =  1 0  
I lz. 3J =  3 .2  Hz), 3 .64 O I L  d, 3J =  1 0  Hz) ,  4 .92 ( l R  d, 3J =  3 .2 Hz), 6.40 (2H, d, 3J =  8 .8  
Hz), 6 .79 ( 2 I f ,  d ,  3J =  8 . 8  Hz), 7. 1 9  - 7.46 ( l OH, m) ,  7 . 83  ( l H , d, 3J =  1 6 .0 Hz), 7 .99 ( l H , 
d. 3J =  1 6 .0 I Iz), 8 .07 (2H, d. JJ =  8 .0 Hz) :  c\:- ( 1 00 .5  M H z, CDCb)  2 1 . 8 (CH3) ,  45 .9, 47.9,  
48 .4, 52 . 5 , 5 5 .4, 1 1 4 . 5  (2C, C H ), 1 23 .6, 1 23 .8 .  1 24. 1 ,  1 25 . 5 , 1 26.8,  1 27 .3 , 1 27.4, 1 27.6, 
1 29. 1 (2C, C H ), 1 29.4 (2C. C H ), 1 27 .4 (2C, C H ), 1 3 1 .6, 1 3 5 .2, 1 38 .2,  1 39.6, 1 40 .8 ,  1 4 1 .8 ,  
1 42 .4, 1 44.0, 1 59.6 (Cquat ) .  1 74 .9 (NCO, Cquat ) ,  1 75 . 7  (NCO, Cquat), 1 89.9 (Cquat, CO) .  
62)  Cycloadd uct  E-S2d-Cl of 9- [ 2- (4-ch loropheny lca rbonyletheny l ) ] -an thracene 
( E-.tO-Cl )  and N-4-methy lphenylmale imide  (48d )  
A o lution of E-40-Cl ( 304 mg, 0 . 89  mmol )  and -(4-methylphenyl )maleimide (48d, 1 85 
mg. 1 .0 mmo l )  i n  xylene (0 .5  mL)  was held at refl ux for 1 4h .  Then to the cooled sol ution 
was added ether (2 . 5  m L )  and hexane (2 . 5  mL) .  The precipi tate was fi ltered, washed with 
hexane/ether ( 1 : 1 .  v/v, 3 mL)  and air-dried to give E-S2d-CI ( 38 1 mg, 8 1 %) as a 
colourless o l id :  mp. 235°C ; rna, ( KBrlcm· l ) 2922, 1 7 1 1 ,  1 629, 1 588, 1 5 1 2, 1 386, 1 1 86, 
1 089, 767; � (400 M Hz, CDCb)  2.29 ( 3H ,  s, C H3) ,  3 .48 ( l H , dd, 3J =  8 .4 Hz, 3J =  3 .2 
Hz) ,  ' .65 ( l H , d, 3J =  8 .4 Hz), 4.93 ( I H , d, 3J =  3 .2 Hz),  6 . 37  (2H,  d, 3J =  8 .4 Hz), 7 . 1 0  
( 2H , d, 3J =  8 .4  Hz) ,  7 . 1 9  - 7 .49 ( 8H ,  m),  7 . 82 (d,  1 H, 3J =  1 6 .0 Hz), 8 .0 1 ( 1 H , d,  3J =  
1 6 .0  Hz),  7 .48 (2H,  d,  3J =  7 .6 Hz), 8 . 1 1  ( 2H ,  d, 3J =  7 .6 Hz) ;  c ( 1 00 .5  MHz, CDCb) 2 1 . 2 
(CHJ ), 45 .9  (d) ,  47 .8 ,  48 .5 , 52.4, 1 23 . 5 , 1 23 .9, 1 24.2, 1 25 .6, 1 26.2, 1 26 .8 ,  1 27 .3 , 1 27.4 
(2c' C H ), 1 27 .5 ,  1 28 . 5 , 1 29. 1 (2C, C H) ,  1 29 .8 (2C, C H ), 1 30.4 (2C, C H ), 1 3 1 . 2, 1 36.0, 
1 3 8 . 1 .  1 39 . 1 ,  1 39.4, 1 39.6, 1 40.8,  1 42 .2 ,  1 42 .8 ,  1 74 .8  (Cquat, NCO, 1 75 . 5  (Cquat, NCO), 
1 89.2 (Cquat, CO).  
5 5  
63) C} c1oadd uct  E-52e-OM e  of 9- [ 2-(4-methoxyphen lcarbony letheny l ) ] ­
an thracene (E-40-0Me)  and N-4-methoxyphen Im ale imide (48e) 
o luti n of E-40-0 M e  ( 1 27 mg, 0.375 mmo1 ) and -( 4-methox phenyl )-maleimide 
( 48e, 1 00 mg, 0.-l5 1111110 1 )  in x lene (0 .3  m L )  was held at reflux for 1 4h .  Then, to the 
cooled solution was added ether ( 1 . 5 mL)  and hexane ( l . 5 m L ) . The precipitate was 
fi l tered, \vashed with he 'ane/ether ( 1 : 1 ,  v/v, 1 . 5 mL)  and air-dried to give E-52e-OM e  
( 1 97 mg, 93%) as  a colorle s sol id ,  mp. 1 93°C ;  v'na� ( KBr/cm· l ) 293 7, 2834, 1 774 (w )  
1 709 ( ), 1 629, 1 598, 1 5 1 2, 1 457, 1 392, 1 250, 1 1 69. 1 0 1 9; &.t (400 MHz. CDC!) 3 .46 
( l H . dd. 3J =  8.4 Hz, 3J =  3 .2 Hz),  3 .65 ( l H, d,  3J =  8.4 Hz)  3 . 73 ( 3 H, s, OCH3) ,  3 . 87 
( 3 H , s ,  0 H3),  4 .92 ( l H . d, 3J =  3 .2 Hz),  6.40 (2H,  d, 3J =  8 .8  Hz), 6 .79 (2H,  d, 3J =  8 .8  
Hz) ,  6 .98  (2H,  d.  3J =  9.2 Hz) ,  7 . 1 8  - 7.46 (8H,  m) ,  7 .84 ( 1 H, d.  3J =  1 6 .0 Hz) ,  7 .97 ( I H, 
d. 3 J =  1 6 .0 Hz), 8 . 1 7  ( 2 H, d. 3 J = 9.2 Hz);  &: (1 00.5 MHz. CDCh) 45.9, 47.9, 48 .5 , 52 .5 ,  
5 5 .4 (OCH3) .  55 . � ( OC H]) ,  1 1 3 . 7  ( 2C, C H ), 1 1 4 .4 ( 2C, CH) ,  1 23 .6, 1 23 .8 ,  1 24 .0 (5 ) ,  
1 24 . 1 .  1 25 . 5 ,  1 26 .8 ,  1 27 .2( 5 ), 1 27 . 3 , 1 27 .4, 1 27 .6, 1 30.7 , 1 3 1 .4 (4C,  CH), 1 38 .2 ,  1 39 .7 ,  
1 40 .8 , 1 4 1 .2 , 1 42 .4, 1 59 . 7  (Cquat) ,  1 63 .6 (Cquat ) ,  1 74.9 (Cquat, NCO),  1 75 . 7  (CqUal, NCO), 
1 88 . 7  (Cqual• CO) .  
64)  Cycloadd u ct 59-0Me of 9- [ 2-C4-methylphenylcarbonyletheny l ) ] -an thraeene 
(E-40-M e )  and male ic  a n hydride 46 
A sol ut ion of E-40-M e  ( 248 mg, 0.77 nunol )  and maleic anh ydride (46, 94 mg, 1 .0 nunol )  
in  xylene (0 .5  mL)  was held at reflux for 1 4h .  T o  the cooled sol ution was added ether ( 2  
m L )  and hexane ( 4  m L ). The precipi tate ( 1 25 mg) was col lected to give the cycloadduct 
59-0 M e  as a beige coloured-so l id :  mp. 2 1 1 -223°C- max( KBr/cm- l ) 1 77 1 .  1 668, 1 62 ] , 1 607, 
1 459, 1 40 1 , 1 385 , 1 23 1 , 1 08 1 , 943 , 930, 765 ; bl l(400 MHz, CDCb) 2 .45 ( 3 H , s C H3 ) 
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3 .66 ( 1 I L  dd, 3J =  9.2 Hz, 3J =  3 .2 Hz), 3 .82 ( l R  d,  3J =  9.2 Hz), 4.87 ( I H , d, 3J =  3 .2  
I f /) ,  7 .75 ( I l L  d, 3J =  1 6 .0  Hz) ,  7 . 1 7-7 .44 ( 1 1 1 l , 111 ), 7.93 ( l H , d,  3J =  1 6 .0 Hz), 8 .07 ( l H , 
d. 3J = 8 .4  Hz) '  � ( 1 00 .5  M l Iz, D h) 2 1 . 8 (CH3) ,  45 .4 ( C H ), 49.0 (CH), 49.3 (C H ), 
5 1 .9 (Cquat ), 1 23 .6 ( H ), 1 24 .0  ( H ), 1 24 .2  ( C H ), 1 25 .6 (CH) ,  1 27 . 1 (CH), 1 27.6 (CH) ,  
1 28 .0 ( H ), 1 28 . 1  (CH) ,  1 29 . 1 (2C, C H ), 1 29.6 (2c' CH) ,  1 3 1 .4 ( C H ), 1 35 .0  (Cqual ), 1 3 7.4 
( quat ) . 1 39.0 (Cqual ) ,  1 40 .3  ( quat) ,  1 40 .5  ( C H ), 1 4 1 . 7 (CqUal ) ,  1 44.4 (Cqual) ,  1 68 .8  (Cqual, 
0), 1 70 .0 ( quat, CO), 1 89 .5  (Cqual, CO) .  
65)  Cycloadduct  E-S2e-H of 9- [2- (benzoylcarbonyletheny l ) ] -a n t h racene (E-40-
H )  and  N-(4-methoxyphenyl )-malei mide  ( 48e) 
A sol ut ion of E-40-H (308 mg, 1 .0 mmo1)  and N-(4-methoxyphenyl )-maleimide ( 48e, 223 
mg, 1 .0 mmol ) in xylene ( 0.3  mL) was held at refl ux for 1 4h . .  Then, to the cooled sol ution 
was added ether ( 1 . 5 m L )  and hexane ( 1 . 5 mL) .  The precipitate was fi l tered, washed with 
hexane/ether ( 1 :  1 ,  v/v, 1 . 5 m L )  and air-dried to give E-S2e-H (490 mg, 92%) as a beige 
sol id .  mp.  1 69- 1 70°C ; Vma' ( KBr/cm- ' ) 3068,  2936, 1 775 (w), 1 709 ( s), 1 665 1 630, 1 5 1 3 , 
1 3 87 , 1 25 1 ,  1 1 76, 1 009, 829, 78 1 .  703. 569, 527 ;  � I  (400 M Hz, CDCb) 3 .46 ( 1 R  dd, 3J 
= 8 .4  Hz, 3J = 3 .2 Hz),  3 .65 ( l H, d, 3 J = 8 .4 Hz) ,  3 . 73 ( 3 H, s, OC l-b ) ,  4 .92 ( l R  d, 3 J = 
3 .2  Hz), 6.40 (2H,  d, 3J =  8 . 8  Hz),  6 .80 (2H ,  d, 3J =  8 .0 Hz), 7 .25 - 7.6 1 ( l l H, m), 7 .85 
( l H , d ,  3J =  1 6 .0 Hz) ,  8 .0 1 ( l H , d,  3J =  1 6 .0 Hz)  8 . 1 7  (2H,  d,  3J =  8 .0 Hz) ;  &: ( 1 00.5 MHz, 
CDCb) 45 .9, 47 .9 ,  48 .4,  52 .5 .  55 .4, 1 1 4 .4 (2c'  C H ), 1 23 .6, 1 23 .8 , 1 24 .0 , 1 24 . 1 , 1 25 . 5 ,  
1 26 .8 , 1 27 .3  (2C,  CH) .  1 27 . 5 ,  1 27 .6 (2C) ,  1 28 . 7  (2C,  CH) ,  1 29.0 (2C,  C H ). 1 3 1 . 5 ,  1 33 .2 ,  
1 34 . 1 , 1 3 7 .7 . 1 3 8 .2 , 1 39 .5 , 1 40 .8 , 1 42 .3 , 1 59 .7  (Cqual) ,  1 74 .9  (Cqual CO), 1 75 .7  (Cqual• 
CO), 1 90 .3  (Cqual ) .  
5 7  
66) Cycloadd uct 5 7  of  ethyl 9-anthranylacry late  (39-Et)  and ma leic anhydride 
( 46)  
o lution f 39-Et  ( 1 . 2 1  g, 4 . 3 8mmol ) and maleic anhydride ( 46, 475mg, 4 .85mmol )  in 
\.I lene (0 . 5  m L )  \'v a heated under re flux for 5h .  Thereafter, the solution was cooled, and 
eth r!hexane ( 1 0  mL, 1 :  I vl1') \ as added to i t .  The precipitate was mechanical ly  was 
ground wh i l e  u pended in hexanelether, fi l tered and dried in air to give 57 ( 1 .59 g, 88%) 
as a colour l ess sol id ; ma,C KBr/cm- l ) 1 777, 1 7 1 1 , 1 458 , 1 3 1 0, 1 27 1 , 1 1 85 , 1 084, 943 , 928, 
765, 536 :  11(400 M Hz, C DC b )  1 .4 1  ( 3 H, t, 3J =  6.8 Hz, CH3) ,  3 . 59 ( l H , d, 3J =  9.2 Hz), 
3 .69 ( l H.  d.  3J =  9.2 Hz).  4 . 37  (2H ,  q.  3J =  6.8 Hz, OCH2), 4 .83  ( l H. bs). 6 .62 ( 1 H, d, 3J 
= 1 6A Hz) .  7 . 1 8-7 .42 ( 8 1- 1 , m) ,  7 .88  ( 1 H. d, 3J =  1 6 .4 Hz) ;  c ( 1 00 .5  M Hz, CDCb) 1 4 . 3  
( C H3 ) .  45 .47/45 .44. 49.0, 4 .2 ,  5 l .4 ,  6 1 . 1  (OC H2 ), 1 23 . 5  ( C H ), 1 23 .9 ( C H ), 1 24 .2 (CH), 
1 25 . 6  (CH ) . 1 27 .0 ( C H ), 1 27 . 5  ( C H ), 1 27 .6 ( C H ), 1 27 . 8  ( C H ), 1 28 . 1 (CH ). 1 3 7 .4 (CqUal) ,  
1 38 . 8  ( quat ) .  1 40 .3  (CqUal ) ,  1 4 1 .4 (Cquat ). 1 4 l . 5 (CH ),  1 65 .9 (Cquat, CO), 1 68 . 5  (Cquat• CO), 
1 70.0 ( Cqual, CO) .  
67) Cycloadd uct E-5ge-H of 9- [ 2-(4-bromophenylcarbonyletheny l ) ]  an thracene 
( E-40-Br)  and m a leic a n hy d ride (46) 
A sol ut ion of E-40-Br ( 3 8 7  mg, 1 .0 mmo l )  and maleic anhydride ( 46, 1 1 7 mg, 1 .2 mmo l )  
in  xylene (0 . 3  mL)  was heated under reflux for 1 4h .  During the reaction, a co lorless 
precipitate formed. Thereafter, the sol ution was cooled and etherlhexane ( 5  mL, 1 :  1 vlv) 
was added to i t .  The precipitate was fi ltered, washed with hexane ( 7  m L )  and dried in air 
to give E-5ge-H (440 mg. 92%) as a colourless so l id :  1113-'( ( KBrlcm- l ) 3 1 0 1 ,  2962, 1 780, 
1 676, 1 632 , 1 584, 1 458 , 1 224, 1 2 1 2, 1 07 1 , 944, 763 ; H (400 M Hz, C DCb)  3 .64 ( l H , dd, 
3J =  9.2 H z, 3J =  3 .2 Hz), 3 . 8 1 ( l H, d, 3J =  9.2 Hz) 4 . 87  ( l H, d,  3J =  3 .2 Hz), 7.72 ( l H, 
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d, 3.] = 1 6 .0  Hz). 7.68 (2H .  d.  3.] = 8 .4  Hz), 7 . 1 7-7 .44 (8H .  m), 7 .95  ( 1 R, d.  3.] = 1 6 .0  Hz , 
8.02 (2 1  L d. 3.] =  8 .4  Hz) : c ( 1 00.5 M I  l z. CD b )  45 .42/4 5 .45 ,  49.0, 49 .3 .  5 1 . 9. 1 23 . 5  (CH), 
1 23 .9 ( H ). 1 24 .2  (C H ). 1 25 .6 (C l I ), 1 27 . 1 ( C H ), 1 27 .6 ( C H ), 1 28 .0 (CH), 1 28 .2 (CH), 
1 28 . 7  ( qUal ), 1 0 .4 ( 2  , H ), 1 30 .9 ( H ), 1 32 .2  ( 2C, C H ), 1 36.3 (Cquat ), 1 3 7.4 (Cquat) ,  
1 38 .9  ( quat ) .  1 40 .2  (Cquat) ,  1 4 1 . 5 (Cquat ) ,  1 4 1 .6 ( C H ), 1 68 .9  (Cqual, CO), 1 69.9 (Cquat, CO), 
1 88 .8  (Cquat, CO).  
68) CycIoadduct  E-6 1 -M e  of  9- [ 2-(4-methy l p henylcarbonyletheny l ) ] -anthracene 
( E-40-M e) and d iethyl  m a leate (60 )  
A mixture of E-40-M e  ( 225mg, 0 . 70mmo l )  and d iethyl maleate (60, 400 mg, 2 .32mmol ) 
was heated at 1 30°C . After 1 4h .  the reaction was found to be incomplete (as monitored 
by TLC).  and further diethyl maleate (60,  3 1 0mg, 1 . 80mmo I )  was added . After an 
add it ional  1 6h at 1 30°C . the reaction \ as sti l l  found to be incomplete. Nevertheless, the 
reaction m ixture was cooled and subjected d irect ly to column chromatography on s i l ica 
gel to give E-6 1 -M e  ( 1 50 mg. 43%) as a pale yel low sol id :  mp. 1 30°C: I 'rna\ ( KBrlcm· l ) 
2982, 1 740, 1 673, 1 63 1 ,  1 604, 1 459, 1 328,  1 307, 1 2 1 3 , 1 1 99, 1 1 78 ,  1 1 5 1 . 1 03 1 , 1 009, 
769, 755 :  � (400 M Hz, C DCb)  1 .06 ( 3 H ,  t ,  3J = 7 .2  Hz, CH3) ,  1 .24 ( 3H ,  t, 3.] = 7.2 Hz, 
C H3 ) ,  2 .45 ( 3 H ,  s, C H3) ,  3 . 1 8  ( l H , dd, 3 J =  4 .8  Hz, 3.] = 2 .4 Hz), 3 .67 ( l H, d, 3J =  4 .8  Hz), 
3 .97 (2H ,  bq, 3 J = 7.2 Hz) 4 .06 - 4 . 1 7  (2H,  m), 4 . 77  ( l H, d, 3 J = 2.4 Hz), 7 .08 - 7.45 
( 8 H ,  m) .  7 . 3 3  (2H,  d, 3.] = 7.6 Hz).  7 . 57  ( l H, d, 3J =  1 6 .0 Hz), 8 .0 1 (2H. d ,  3.] = 7.6 Hz), 
8 .06 ( l H , d, 3J =  1 6 .0 Hz): &: ( 1 00 . 5  MHz, CDCb)  1 4 .0 (CH3) ,  1 4 . 3  (CH3 ), 2 1 . 7 (CH3) ,  
46. 8/46 .85 , 49.6 5 1 .0 (OC H2),  5 1 .6 (OCH2),  6 1 .0, 6 1 . 3 , 1 23 .0  ( C H ), 1 23 . 7  (CH), 1 24 . 1 
( C H ), 1 24 . 7  ( C H ), 1 26 .3  (C H ), 1 26 .4 (CH), 1 26 .5  ( C H ), 1 26.6 (CH) .  1 28 .9  (2C, CH) ,  
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1 29.3 ( e H ). 1 29 .5  (2  . C H ), 1 3 5 . 1 (Cqual) 1 39 .7  ( qUal ). 1 4 l . 8 (Cqual ) ,  1 43 . 1  (Cqual) .  1 44.2 
( e l  I ) , 1 7 1 .6 ( qual, 0), 1 72 .3  ( eqUal, CO).  1 89.2 (Cqual , CO) .  
69) Cycloadd uct E-6 1 - I o f  9-[ 2-(4-chlorophenylca rbonyletheny l ) ] -an thracene 
( E-.:SO-CI )  and d iethyl  m a leate (60)  
rhe cycloadduct wa prepared accord ing to the procedure given for E-6 1 -Me.  The re idue 
was ubjected to column chromatography on si l  ica gel to give E-6 1 -CI (45% yield) as a 
colorle s, s lowly sol id if ing o i l ;  mp. 6 1 °C ; Vma' (KBr/cm- l ) 3069, 2979, 2926. 2853 , 1 743.  
1 7_5, 1 673 , 1 587 , 1 458 , 1 400, 1 367, 1 3 1 0, 1 289, 1 245 , 1 224, 1 1 75 ,  1 092, 1 030, 1 0 1 1 .  
75 t ;  bri (-+00 M Hz, CDCb) 0.93 ( 3 H ,  t ,  3J =  7 .2 H z  .. C H3 ) ,  1 . 1 7  ( 3 H ,  t ,  3) =  7 .2  Hz, C H3) ,  
3 .28 ( I H . dd .  3J =  1 0.8  Hz, 3J =  1 .2 Hz), 3 .64 ( J H , d, 3) =  1 0 .8  Hz) ,  3 . 85  - 3 .95 ( l R.  m),  
3 . 80 - 3 .85  ( 2H ,  m) .  4 .02 - 4 . 1 1  ( l R  m ), 4 .73 ( l H , d.  3) =  1 .2 Hz) ,  7 .08  - 7 .49 ( 8H ,  m) ,  
7 .5 1 (2H .  d,  3J =  8 .4 Hz) .  7 .59 ( l H , d. 3) =  1 6.0  Hz) ,  8 .02 (lH,  d, 3) =  1 6 .0 Hz) ,  8.05 (2H.  
d. 3) =  8 .4  Hz) ;  � ( l 00 .5  M Hz, C DCb)  1 3 . 7  (CH3) .  1 4 .0  (CH3) .  45 .5 ,  49.4, 50.0, 5 1 .9. 
60. 7, 6 1 .0, 1 23 .2 (CH) ,  1 23 . 5  ( C H ), 1 23 .6 (CH) ,  1 25 .9  ( C H ), 1 26.0 (CH) ,  1 26 .3  (2c' CH), 
1 26 .9  ( C H ). 1 28 . 8  (CH) ,  1 29. 1 (2C,  C H ), 1 30.2 (2C,  C H ), 1 3 5 .9 (Cqual), 1 39 .8/ 1 40. 1 
(equal) ,  1 40 .9  (CqUal ) .  1 42 .8 / 1 42.9 (eqUal ) ,  1 44.9 ( C H ), 1 70 .7  (equal, CO), 1 7 1 .0 (CqUal, CO), 
1 88 . 3  (Cqual, CO) .  
70) A s uspens ion  of a nhyd ride  59 
236 mg, xx mmol and Na2C03 ( 500 mg) in  THF ( 1 0  m l )  and H20 (1 mL)  was stirred at rt 
for 24h. Thereafter, the mixture was acid ified with hal f cone. HC I  and extracted with 
CHCh ( 3  X 1 5  rnL ) .  The organic  phase was dried over anhydrous MgS04 and 
concentrated in vacuo. The residue was subjected to column chromatography on s i l ica gel 
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( ethyl actate I ether 1 : "l --- ethyl acetate I ether 1 : 1  ---- ethyl acetate) to give xx as colorless 
o l id ( l 00 mg, %),  which rna have changed during the process of the col umn 
chr matography. MR data in  DM O-d6 shows very broad peaks in the region 6.85 -
7.95 ppm, in  addition to a peak at 4 .43 ppm. Other peaks may have been hidden under the 
OM 0 and \\- ater peaks. The peak at 2 .48 ppm shows a c lear singlet for the methyl ­
sub  t i tuent on  the aromatic group. 
7 1 )  Photoreact ion of 9-(E)-bcnzoylethenylan thracene ( E-40- H )  
9-(E)-Benzoylethenylanthacene ( E-40- H ,  5 0  mg, 0 . 1 6  mmo l )  in  CH2Ch (2 .2 m L )  was 
photoirradiated at A = 254 nm (peak output) for 72 h. The photoreaction was monitored 
by ' H 1R  spectro copy . Afterwards, the cooled reaction mixture was submitted directly 
to colwnn chromatograph on si l ica gel ( benzene) to give start ing material and 9-(Z)­
b nzoylethenylanthracene (Z-40- H ,  22 mg), e lut ing after the starting material .  as a 
yel low-orange sol id,  mp. 1 43°C; l'Jnax ( KBr/cm" ) 3054, 2923 , 2853,  1 663,  1 603,  1 232 ,  
1 004, 734 ,  696 ; � ( 1 00 .5  M Hz. CD b )  1 25 . 1 ( 2C, C H ), 1 25 .4 (2C, C H ), 1 25 . 8  (2C, C H ), 
1 27 .2, 1 27 .8  (2C.  C H) ,  1 28.0,  1 28 . 1  (2C, C H ), 1 28 . 7  (2C, C H) ,  1 28 .8 .  1 30 .7  (Cqual ), 1 3 1 .0. 
1 32.4. 1 3 7. 5 .  1 39 .3  (CH) .  1 92.6 (Cqual• CO).  
72) Photoreaction of 9-(E)-4-methy l benzoyletheny lan thracene (E-40-Me)  
9-(E)-4-Methy lbenzoylethenylanthacene ( E-40-M e, 50 mg,  0 . 1 6  mmol ) in CH2Ch (2 .2 
mL) was photoi rradiated at  254 nm (peak output) for 24h.  The photoreaction was 
monitored by ' H NMR spectroscopy. Afterwards, the cooled reaction mixture was 
submitted d irect ly to column chromatography on s i l ica gel ( benzene) to give start ing 
material and 9-(Z)-4-methy l benzoylethenylantmacene (Z-40-Me, 1 8  mg).  e luting after 
6 1  
the start ing materia l ,  a a ye l lo\ -orange sol id ,  mp. 1 44 °C; l1nax ( KBrlcm· l ) 3043, 1 664, 
1 608, 1 426, 1 232 ,  85 ,  840, 778,  73 1 ;  1 (400 M Hz, CDCb) 2 .24 ( 3R s, CH3) 6.94 (2H,  
d, 3J =  7 .2  Hz\ TAO - 7A5 ( 5 H, m ), 7 . 57  (2H .  d ,  3J =  7 .2 Hz) ,  7 .85 ( l H , d, 3J =  1 1 .6 Hz), 
7 .9_ - 7 .95 (2R m), 8 .08 - 8 . 1 0  (2H,  m), 8 . 32  ( l H , s) ;  &: ( 1 00 .5  M Hz, CDCh) 1 25 .0  (2C, 
H ), 1 25 .5  (2C. C H ). 1 25 . 7  (2C. C H ), 1 27 .0 (CH) ,  1 28 .3  (2C,  C H ), 1 28 .6 [8 ]  ( 2c' C H ), 
1 28 .7  (2  , C H) ,  1 28 . 7( 5 )  ( C H ), 1 30 .5  (Cqual, 2C),  1 30 .9 (CqUal ) ,  1 3 1 .0 (Cqual• 2C),  1 34 .9  
(Cqual ), 1 39 . 1 ( C H ), 1 43 . 3  (Cqual ) ,  1 9 1 . 5 (Cqual, CO). 
73) Photoreact ion of 9-(E)-3-n i t robenzoyletheny lanth racene (E-40-N02) 
Two samples of 9-(E)-3-nitrobenzoy lethen lanthacene ( E-40-N02, 50 mg each.  0. 1 6  
mmol )  i n  C H2Cb (2 .2  mL)  were photoirradiated at A. = 254 run (peak output) for 72 h, 
respecti e ly .  The photoreaction was monitored by I H NMR spectroscopy. Afterwards, the 
combined cooled reaction mixtures were submitted directl y  to column chromatography 
on s i l ica gel ( benzene-hexane 4 :  1 )  to give start ing material and 9-(Z)­
ni trobenzoylethenylanthracene (Z-..tO-N02,  48 mg), e lut ing after the starting materia l ,  as 
a yel l ow-orange, s lowly sol id ifying o iL  ma\ ( KBr/cm· l ) 3082, 29 1 8, 1 673,  1 6 1 4, 1 528 (s, 
02-asym. stretching),  1 349 ( s, N02-S m. stretching), 1 224, 1 090, 1 0 1 4  888, 730; � 
(400 M Hz, C DC h )  6 .8 1 ( l R  dd, 3J =  7 .6 Hz, 3J =  7 .6 Hz),  7 . 1 2  ( I H, d. 3J =  1 2 .0 Hz), 
7 . 3 3  - 7 .49 (4H .  m ), 7 .7 1 - 7. 74 (2H ,  m ), 7 . 77 (2R d, 3J =  8.0 Hz), 7 .92 (1 H ,  m), 7.96 -
7 .99 (2H ,  3J =  8 .0  Hz) ,  8 .07 ( l H, d, 3J =  1 2 .0  Hz), 8 . 1 0  ( l H, s) ;  &- ( 1 00 .5  M Hz. C DCb) 
1 22 .4,  1 24 .9( 5 )  (2c'  C H ), 1 25 .0  1 25 . 3  ( 2C,  C H ), 1 25 .9, 1 26 .6  (2C,  CH) ,  1 27 .9, 1 28 .2 ,  
1 28 . 7  (2C, C H ), 1 29 . 1 ,  1 30 .7  1 3 1 . 1 , 1 32 .7 , 1 3 8 .7 , 1 40 .6, 1 46.6, 1 92 .8  (Cqual, CO).  
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7�) Photoreact ion o f  9-(E)-"'-bromobenzoy letheny lanth racene (E-40-Br) 
ample f 9-(E) -3 -bromobenzoylethen lanthacene ( E-40-Br, 60 mg, 0. 1 5 ( 5 )  mmol) in 
I h h (2 .2  m L) \vas photoinadiated at= 254 nm ( peak output) for 72h.  The photoreaction 
\\ a monitored b; I H MR sp ctroscopy . The cooled reaction mixture was submitted 
d i rect l;  to column chromatography on s i l ica gel ( benzene-hexane 4: 1 )  to give start ing 
material and 9-(Z)-4-bromobenzoylethenylanthracene (Z-40-Br, 25  mg), e lut ing after the 
starting material ,  as a yellow-orange, slowly sol id ifying oil , max(KBr/cm' l ) 29 1 8, 1 668, 
1 587,  1 225 . 1 09 1 , 998, 907, 78 1 , 734; Oi-l (400 M Hz, C DCb)  6.87 ( l H , d, 3J =  8.8 Hz), 
7 .24 ( I R  d, 3J =  1 2 .4  Hz), 7 .33 - 7.45 ( 8 H ,  m ), 7 .85 - 7 .87  (2 l- I .  m), 7 .97-8.00 (2H m) ,  
8 .24 ( I H , s ) ;  c ( l 00 .5  M Hz, C DCb)  1 25 . 1 (2C, C H ), 1 25 .2  (2C, C H ), 1 26.0 (2C, C H ), 
1 27 .4  ( C H ), 1 27 .9  (2(' C H ), 1 28 . 1 ( C H ), 1 28 . 7  (2C,  C H ), 1 28 .9  (Cquat ) ,  1 29 .3  (2C, CH) ,  
1 30 .2  (Cquat) ,  1 30.6 1 30.9, 1 3 8 .6, 1 39 .6 ( C H ), 1 9 1 .9 (Cquat, CO) .  
75)  P hotoreact ion of 9-(E)-4-fluorobenzoy letheny lanthracene (E-40-F)  
A an1ple of 9-(E)-3-fl uorobenzoyletheny lanthacene ( E-40-Br, 60 mg, 0. 1 8  mmol) i n  
C H2Cb ( 2 . 2  m L )  was photoinadiated at= 2 5 4  n m  (peak output) for 72h. The photoreaction 
was monitored by ' H M R  spectroscopy .  The cooled reaction mixture was submi tted 
direct ly to column chromatography on s i l ica gel ( benzene-hexane 4: I )  to give starting 
material and 9-(Z)-4-fluorobenzoylethenylanthracene (Z-40- F, 25 mg), e lut ing after the 
start ing material ,  as a yel low sol id ;  Vmax ( KBr/cm' l ) 305 1 ,  292 1 , 285 1 ,  1 67 1 ,  J 596 1 23 1 ,  
1 1 5 5 , 998. 783, 735 ;  Oi-J (400 M Hz, C DC b )  6 .63 (2H ,  dd, 3J =  8 .4  Hz, JJ =  8 .4  Hz), 7 .29 
( J  H, d, JJ = 1 2 .0  Hz), 7.40 - 7.46 (4H,  m ), 7 . 5 1 - 7 .53  (2R m ), 7 .90 - 7 .93 ( 3 R  m), 8 .05 
(2H ,  dm. 3J =  8 .4  Hz) ,  8 .29 ( l H, s ) ;  � ( 1 00 .5  M Hz, DCb) 1 1 4 . 7  (CR 2JcF = 2 1 . 7 Hz), 
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1 25 . 1 ( 2  , CH ), 1 25 . 3  (2C H ), 1 26 .0 (2C, H ), 1 27.4 ( H ). 1 28 . 8  (2c' CH) ,  1 28 .9 
( ' H ), 1 30 .3  ( quat ), 1 30 . 5 ( 5 ) (2C CH,  JCF = 9.0 Hz).  1 30 .8  (2C, Cqual ). 1 30.9 (2c' Cqual) .  
1 "4 .0  ( Cqual, 4Jcr = 2 .9  Hz) .  1 39 .2 ( I I ) , 1 65 .0  (Cqual, IJCF = 253 . 5  Hz) ,  1 9 1 .7 (Cqual, CO).  
76) Photoreaction of  9-(E)-4-methoxy benzo letheny lanthracene ( E-40-0M e) 
£-40-0Me (65 mg. mmol ) i n  C I- bCh (2 .5  mL)  was photoirradiated at A = 254 nm (peak 
output ) for 60h . fter 60h. the TLC showed smal l amounts of anthracene. Column 
chromatograph of the photolysis mixture on s i l ica gel in CI-hCb-hexane (4 : 1 )  gave 
anthraquinone (65.  1 5  mg) as a pale yel lov sol id, mp. 283 °C ( Li t .  286 °C ) ;  Vrnax ( KBr/cm­
I )  2925, 1 676, 1 59 1 .  1 579, 1 33 3 , 1 285 , 1 305, 938, 8 1 0, 695 : � (400 M Hz, CDCb) 7 . 70 
- 7.77  (-lH,  m) ,  8 .22 - 8 .27  ( 4H ,  m) ;  &: ( 1 00 .5  M Hz, CDCb) 1 27 .2  (4C, CH). 1 3 3 .4 (4C, 
C quat ) ,  1 34 . 1 ( 4C, C H ), 1 83 .2 (2c' Cqual, CO)  and a mixture of 9-(E)- and 9-(Z)-4-
methoxybenzoylethenylanthracenes ( E-IZ-40-0 M e, 40 mg, 1 : 2 . 5 )  with 9-(Z)-4-
methoxybenzoylethenylanthracene ( sl ightly impure) :  vrnax( KBrlcm- l ) 2927, 1 660, 1 597. 
1 259. 1 242, 1 1 68 , 782, 736;  eM (400 M Hz, CDC!) 6.59 (2H, d, 3J =  9 .2 Hz), 7 . 38  - 7 .53  
(5H,  m ), 7 .64 (2H ,  d,  3J =  8 .8  Hz) ,  7 .82 ( l R ,  d.  3J =  1 2 .0 Hz,  4J =  0 .8  Hz) ,  7 .92 - 7 .94 
(2H ,  m ), 8 .07 - 8 . 1 1  ( 2H .  m) ,  8 . 3 1 ( l H, s ) ;  ( 1 00 .5  M Hz, CDC!) 55 .3  (OCH3), 1 1 3 .7  
(2C, C H ), 1 25 .0  (CH) ,  1 25 . 5  (4C, C H ), 1 25 . 7  (2C, C H ), 1 27 .0 ( C H ), 1 28 .7  (2C, C H ), 
1 28 . 7( 5 )  (Cquat) ,  1 30 .5  (2C,  C H ), 1 30 .7  (2C,  Cqual ) ,  1 3 1 .0 (2C, Cquat ), 1 3 1 .0( 5 )  (CqUal) ,  
1 38 . 5  (CH) ,  1 63 .0 (Cquat ) ,  1 90 . 7  (Cqual, CO) .  Smal l amounts of [4+4] -cyc loadducts caru10t 
be excluded. However, these could not be isolated .  
77) N-( m eth. lph nyl )-9-formyl-9, l O-dihydro-9, l O(4,' S ' )- ucc in im ido)­
a n t h racene (�9d )  Photoreaction 
6.+ 
49d ( J  00 mg, 0 .25 mmol )  was photo irradiated at A = 254 nm ( peak output ) in C H2Ch ( 3 . 5  
mL)  for 60b. The reaction was moni tored after 24h, 4 8 ,  and 60h by I H M R  spectroscopy. 
TLC ( I bCb - h xane 4 :  1 )  showed traces of 9-forrnylanthracene (37) .  Additional ly, N­
( methylpheny l )-9J O-d ih dro-9J 0(4: 5 )-succ in imido )anthracene (62 d )  was observed as 
the main phot product. For comparati e purposes, the cycloadduct between anthracene 
( 1 6 )  and N-(4-meth lpheny l )maleimide (48d ) was prepared : A mixture of anthracene ( 1 6, 
56  mg, 0 .3 1 mmol ) and -(4-methylpheny l )male imide (48d,  59 mg, 0 .3 1 mmol) was 
heated to 1 40 °C for 4h .  Then to the cooled solution was given a mixture of hexane and 
ether ( 1 :  1 .  v/v, 2 mL) .  The precipi tate formed was fi l tered, washed with hexane/ether ( 2  
mL)  and dried to give 62d a a colorless sol i d ,  mp. 230 °C; Vinax ( KBrlcm' l ) 3022, 2959, 
1 778 ( m ), 1 704, 1 5 1 2, 1 3 86, 1 1 82 ,  1 1 6 1 ,  779, 764, 75 1 ,  546; � (400 M Hz, CDCb) 2 .28 
( 3 H ,  s, C H3) ,  3 .36  (2H, bs) ,  4 .88 (2H, bs)  6 .37 (2H, d,  3 J = 8 .0  Hz),  7 .09 (2H, d, 3 J =  7.6 
Hz), 7 . 1 9  - 7 .42 ( 8H ,  m);  &: (1 00.5 M Hz, CDC!) 2 1 . 2 (CH3), 45 .8 (2C,  CH), 47 .0 (2c' 
CH),  1 24 . 3  ( 2c'  CH), 1 25 . 1 (2C,  CH), 1 26 .2 (2C, CH),  1 26 .8  (2C, C H ), 1 27 . 1 (2C, CH), 
1 28 . 7  ( CqUal), 1 29 .8  ( 2C,  C H ), l 3 8 . 7  (2C,  Cqual) ,  l 3 8 .9  (Cqual ), 1 4 1 . 3 (2C, Cqual), 1 76 .3  
(Cqual, CO) .  
78)  N-( 4-methoxyphenyl)-9-formyl-9,  l O-d ihydro-9, 1 0(4,  'S ' ) -succ in imido)­
a n t h racene (-lge)  Photoreaction 
4ge ( 1 00 mg, 0 .24 mmol )  was photo i rradiated at A = 254 nm (peak output) i n  CH2Ch ( 3 . 5 
m L )  for 60h. After 44h, the rat io was 2 .05 9-anthranylcarbaldehyde (37)  to 7.95 
remaining cyc10adduct 4ge. according to I H M R  spectrum of the photolysis mixture. 
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I so, the ratio of 4-methoxyphen Imaleimide (-tSe)  produced to cyc loadduct was found 
to b '"\ to 7 .  -4-( M tho. lphen 1 )-9-formyl -9, l 0-dihydro-9, l 0(4 , ' 5 ' )-succinimido)­
anthracene \." as not found, nei ther in  the I H N M R  nor as deteml ined by TLC. For 
comparati e purpose , the cycloadduct between anthracene and -( 4-methoxyphenyl)­
maleimide (62e) wa prepared : A mixture of anthracene ( 1 6, 1 78mg, 1 .0 mmo l )  and -
(4-methoxyphenyl )malei mide ( -tSe, 203mg, 1 .0mmo l )  was heated to 1 20°C for 1 4h .  Then 
to the cooled solut ion was given a mixture of hexane and ether ( 1 : 1 ,  1'/1.' 2 mL). The 
precipi tate fomled was fi l tered, washed with hexane/ether (2 mL)  and dried to gi e 62e 
( 346 mg, 9 1  %) as a colorless sol id ,  mp. > 250oC� lWax ( KBr/cm- l ) 30 1 7, 2955, 2837, 1 778 
(m), 1 702, 1 608, 1 5 1 0. 1 464, 1 392, 1 300, 1 1 98, 1 1 68 ,  1 030, 832, 763 , 55 1 ;  � (400 M Hz, 
CDCb) 3 .34  (2H ,  bs) ,  3 . 74 ( 3 H ,  S, OCH3), 4 . 89 (2H ,  s), 6.40 (2H,  d, 3 J = 8 . 8  Hz), 6 .80 
(2H,  d,  3J =  9 .2 Hz),  7 . 1 9  - 7 .25  (4H, m) ,  7 .34 (2H, d, 3J =  8 .8  Hz), 7 .42 (2H. d, 3J =  8.8 
Hz) � ( 1 00 .5  MHz, CDCb) 4 5 . 8  (2C. CH),  47 .0 (2c'  C H ), 5 5 .4 (OCH3) ,  1 1 4 .4 (2c' C H ), 
1 23 .9 (CqUal)' 1 24 .4  (2c' C H ), 1 25 . 1 (2c' C H ), 1 26 .8  (2C, C H ), 1 27 . 1 ( 2c '  C H ), 1 27 .6 
(2C, CH , 1 3 8 . 8  (2C, Cqual) ,  1 4 l . 3 (2C, Cqual )' 1 59 .6  (Cqual ) ,  1 76.4 (2C, CqUal, CO) .  After 
60h, the photolysis react ion mixture was subjected to column chromatography on s i l ica 
gel ( C H2Ch - hexane 4 :  1 )  to give 9-formylanthracene (37) as a yel low sol id;  I'max 
( KB rlcm- l ) 1 668 ( s),  1 553 , 1 250, 1 049, 730; H (400 M Hz, CDC!))  7 .55 (2H, ddd, 3J =  
8 . 8  Hz, 3J =  8 . 8  Hz, 4J =  l .2 Hz) ,  7 .68 ( l H, dd, 3J =  8 . 8  Hz, 3J =  8 .8  Hz, 4J =  l .2 Hz), 8 .7 1 
( l H, s) ,  8 .07 ( 2H ,  dd, 3J =  8 . 8  H z, 4J =  1 .2 Hz), 8 .99 (2H ,  dd, 3J =  8 . 8  Hz, 4J =  l .2 Hz), 
1 1 . 5 ( l H , s, C HO);  ( ( 1 00 .5  M Hz, CDCb ) 1 23 . 5  (2C, C H ), 1 24 .7  (CqUal )' 1 25 . 7  (2C, 
C H ), 1 29 .2 (2c' C H ), 1 29 .3  (2c' C H ), 1 3 1 . 1 (2C, Cqual )' 1 35 . 3  (2C, Cqual ) ,  1 35 . 3  (CH) ,  
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1 93 .0  ( C l  n. N-(p-methoxyphenyl ) -maleimide C 48e. spectral identificat ion. see above) and 
start ing material 4ge. 
79) N-(2,5-d imethoxypheny l )-9-formyl-9, 1 0-dihydro-9, l O(4,'5' )- ucc in imido)  
a n t h racene C",9f) Photoreaction 
-l9f ( 1 00 mg. 0 .24 mmol ) as photo i rradiated at A. = 254 run ( peak output) i n  C H2Ch ( 3 .5 
mL)  for 60h. The reaction mixture was puri fied by column chromatography to give 9-
form; l an thmcene (37)  and anthraqui none. No -(2,5-dimethoxyphenyl )-9, 1 O-dihydro-
9, l 0(4, ' S ' )-succ in imido)anthracene (621) as decarbon lation product could be d iscerned 
in the reaction.  For comparat ive purposes, the cyc loadduct between anthracene (62)  and 
N-(2 .5-dimethoxypheny l )maleimide (48f) ,  62f, was prepared: A mixture of anthracene 
( 1 6 .  205 mg. 1 .08 mn101 ) and -(2,5-d imethoxyphenyl )maleimide (",8f, 253 mg, l .08 
mmo l )  was heated to 1 20 °C for 1 4h .  
Then t o  the cooled sol ut ion was given a mixture o f  hexane and ether ( 1 :  1 ,  v/v, 2 
m L ). The precipitate formed was fi l tered. wa hed with hexane/ether (2  m L )  and dried to 
give 62f  (-l32  mg. 94%) ( rotamers AlB) as a colourless sol id ;  max ( KBr/em' l ) for AlB)  
3046, 3008. 2962, 2842, 1 777 ( m). 1 7 1 6  ( s). 1 5 1 0  ( s ) ,  1 466, 1 3 78, 1 282. 1 226 1 1 97. 
1 1 6 1 .  1 040, 1 0 1 9. 973, 807 757, 722, 6 1 6, 555, 534 ; bH (400 M Hz, C DC h) 3 .36  (2H, s, 
A ), 3 .40 (2H, s, B) ,  3 . 59  ( 3H ,  S.  OCH3. A/B), 3 .67 ( 3 H, S,  OCH3, B ), 3 ,69 ( 3 H ,  s, OCH3, 
A). 4 .88  (2H ,  s, AlB),  5 . 1 3  (2H.  s, A, ar0111 . H ), 6 .8 1 (2H ,  s, B, ar0111 . H ). 6 .84 - 7 .42 (9H. 
111. arom H. AlB); eX:: ( 1 00.5 M Hz, C DC!] )  45 .3  (A),  45 .9 ( B), 47 .2 ( B), 47 .3  (A), 55 . 7  ( B, 
OCH3 ). 5 5 . 8  ( A, OCH3), 56. l (A, OCH3), 56.4 ( B. OCH3), 1 1 3 . 1  (CH, B) .  1 1 3 .4 (CH,  
A/B) .  1 1 4 .4 (CH,  A) ,  1 1 5 . 9  (CH,  A),  1 1 6 .6  (CH,  B ), 1 20 .3  (Cqual, B),  1 20.4 (Cqual, A). 
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1 24 .2  (2  .. I L A , 1 24 . 3  (2  , CH ,  B), 1 25 .2  ( 2C, C H, A),  1 25 . 3 (2C, CH,  B) .  1 26.6 (2C , 
I I , ) , 1 26 .8  ( 2  . C H. B ), 1 26 .9  (2C,  CH NB), 1 39 . 1 (2c' Cqual, B), 1 4 l .2 (2c' Cqual, 
B) l .. L . l (2  , Cqual, ), 1 44 .0  ( 2  , Cqual , A), 1 48 .8  ( Cqual, A), 1 49.0 (Cqual, B),  1 53 . 1 
( qual . ), 1 53 .4 (CqUal' B) ,  1 75 . 5  ( 2  , CO, A), 1 75 .9  (2c' NCO, B) .  
80) Photoreaction of  N-( ... -methylphenyl )-9-(E)-... -methylbenzoylethylene-9, 1 0-
d ihydro-9, 1 0("' , '5 ' )- ucc in imido  )anthracene (E-52d-M e) 
E-52d- Ie  ( 1 00 mg, 0.2 mmo1 ) wa photoirradiated at A,= 254 nm (peak output) in C H2Ch 
( 3 . 5  mL)  for 60h. The reaction mixture was subjected d irect ly  to column chromatography 
on s i l ica gel (etherlC l-bCh/hexane 1 : 3 : 5 )  to give -(4-methylphenyl )-9-(Z)-4-
methylbenzoyleth ' lene-9, 1 0-dihydro-9, 1 0(4, '  5 )-succinimido)anthracene (Z-52d-Me, 
45 mg) a colorle crystal ; rna\ ( K B r/cm- l ) 3036,  2922, 2854,  1 7 l 1 ,  1 667, 1 606, 1 5 1 4, 
1 457, 1 385 , 1 232 . 1 1 78 , 1 002, 776, 766; 01-1 (400 M Hz, CDCh) 2 .25 ( 3H ,  s, CH3) ,  2 .40 
( 3 H ,  s, CH3 ) ,  3 .40 ( 1 H , bd, 3J = 6.4 Hz) ,  4 . 87  (l H, d, 3J = 2 .8  Hz), 6.29 (2H,  d,  3J = 8 .0  
Hz),  7.02 (2H,  d.  3J = 8 .0  Hz) ,  7 . 1 2  - 7 .28  ( 5 H, m) ,  7 . 32  - 7 .38  (3H,  m), 7 .44 ( l H, dd,  3J 
= 8.4 Hz, 4J = 1 . 2 Hz) ,  7 .68 ( l H, bs), 7 .90 (2H,  bd, 3J = 7 .6 Hz) * ,  and start ing material .  
*some H and J3C !viR absorptions may be so broad at rl thaI they could nol be detected) . 
8 1 )  N-( -t-methoxyphenyl)-9-(E)-benzoylethylene-9, 1  O-d ihyd ro-9, 1 0(4, ' 5 ' )­
succ in im ido)-a n t h racene ( E-52e- H )  Photoreact ion 
E-52e-H ( l 00 mg, 0 . 1 9 [ 5 ]  mrnol ) was photoi rradiated at  A. = 254 nm (peak output) in  
C H2Ch ( 3 .5 mL)  for 60h .  The reaction mixture was subjected directly to  column 
chromatography on s i l ica gel ( C H2Cb)  to give N-(4-methoxyphenyl )-9-(Z)­
benzoylethylene-9, l 0-dihydro-9, 1 0(4, ' S ' )-succinimido)anthracene (Z-52e- H ,  43 mg) as 
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an o iL l\na, (neat/cm- ' ) 3064. 2838.  1 775 ( \\') , 1 72 L 1 669, 1 597, 1 457 ,  1 3 89, 1 300, 1 1 77, 
1 029, 1 003,  909, 830,  732,  695 , 5 5 1 ;  41 (400 M Hz, CD h) 3 .4 1  ( bd,  J = 3 .2 Hz , 3 . 7 1 
( H ,  s, 0 I b ), 4 . 8  ( ] J I , d, J =  3 .2 I I z) ,  6 . 3 2  ( 2 H .  d ,  3J =  8 .8  Hz), 6 .74 (2H, d.  3J =  8 . 8  
Hz) .  7 . 1 4 - 7 .56 ( 1 2H ,  m) .  7 . 70 ( I F ! , bs). 8 .00 (bd,  2H ,  3J =  8 .8  Hz)* ; ( l 00.5 MHz, 
D h)  �6.0. 48 . 3 ,  5 5 .4 . 1 1 4 . 3  (2C, C H) ,  1 23 .9, 1 24 .2 (CH) ,  1 24.4 (broad) ,  1 25 . 5  (CH) ,  
1 26 .7  (broad) ,  1 26 .8 ,  1 27 .0 (CH), 1 27 .0( 5 )  ( C H ), 1 27 .6  (2C,  C H ), 1 28 .6  (2c' C H ), 
1 28 . 7 ( 5 ) (broad) 1 33 .0 (Cl- I ), 1 3 7 .9 ( C H ), 1 40 .0 (broad) ,  1 59 .5(Cquat ), 1 75 . 7  (Cquat, NCO), 
1 76 .2 (Cqual, CO),  and staIiing materia l .  
(*some H and He NAIR absorptions may be so broad at  rt that they could not be  detected) . 
82) N-(4-methoxy pheny l )-9-(E)-4-methylbenzoy lethylene-9, l O-dihydro-9, l O  
(4,  '5 ' ) -succ i n im ido)-a n t b racene ( E-52e- M e) Photoreact ion 
E-52e-Me ( 1 00 mg, 0 . 1 9  mmo l )  was photoirradiated at = 254 nm ( peak output) in CH2Cb 
( 3 . 5  mL) for 5h.  The reaction mixture was subjected d i rectly to column chromatography 
on s i l ica gel ( C H2Ch)  to give -(  4-methoxypheny l )-9-(Z)-4-methylbenzoylmethylene-
9. l 0-dihydro-9, 1 0(4, ' 5 ' )-succinimido)anthracene (Z-52e-M e, 45 mg) as an o i l ;  �\lla" 
( neat/em- I ) 2959. 2837 ,  1 775(w).  1 7 1 3 , 1 666, 1 606, 1 5 1 3 , 1 45 7, 1 389, 1 299, 1 252. 1 1 78 ,  
1 030,  1 002 907, 830 ,  767, 747, 728 ,  5 5  L � (400 M Hz, CDC!) 2 .4 1 ( 3 H. s .  C H3 ). 3 . 4 1  
( bd .  J = 6.4 Hz),  3 . 7 1  ( 3 H, s, OCH3),  4 . 8 8  ( 1  H ,  d ,  J = 3 .2 Hz) ,  6 . 3 3  (2H.  d .  3 J =  8 . 8  Hz). 
6 .74 e2H. d.  3J =  8 . 8  Hz),  7 . 1 4  - 7 . 39  ( l OH ,  m) ,  7.45 ( l H, dd, 3J =  8.8 Hz. 4J =  1 .2 Hz), 
7 .69 ( l H, bs), 7 .9 1 ( bd, 2H, 3 J =  7 .2 Hz) * ;  � ( 1 00.5 M Hz, CDC13) 2 1 . 7 (CH3 ) 46.0, 48 . 3 .  
5 5 .4 (OCH3). 1 1 4 .3  (2C ,  C H ), 1 23 .9  (Cquat ) ,  1 24 .2 (CH), 1 24 .5  (broad) ,  1 25 . 5  ( C H ), 
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1 26 .3 . 1 26 .7  (broad ), 1 26 .9 (CH) .  1 27 .0  ( C H  , 1 27 .6 (2C,  C H ), 1 28 .9 (broad). 1 29 .3 (2C.  
1 1 ) .  1 3 5 .  - , 1 40. 1 ( broad ) ,  1 -+3 .9.  1 59.4 (Cqual ) ,  1 75 .7  (Cqual CO) 1 76.2 (equal, NCO).  
( * wille }[ and I.1C , J fR 06. orpliol1s lIlay be 0 broad 01 rt thaI they could /lot be detected) 
83) N-( -l-methoxy phenyl )-9-(Z)-benzoy lethylene-9, 1 O-d ihydro-9 , 1  O( 4, '  5 ' )­
uccin im ido )-a n t h racene Photoi rrad iat ion 
Z-52e- I 1  (35 mg, 0 .069 mmo l )  " as photoi rradiated at A= 254 run ( peak output) in C H2Ch 
(3 . 5  m L )  for 1 4h .  ample wa taken after that t ime. I H MR spectroscopy revealed that 
Z-52e-H had reverted to a ( 1 :  1 )  mixture of E- and Z-N-( 4-methoxyphenyl )-9-
benzoylethylene-9, 1 0-dihydro-9 1 0(4, ' 5 ' )-succinimido )anthracene ( EIZ-52e-H) .  
8-') Photoirra d ia t ion  of ( E)-9- [ 4-methylbenzoylethenyl J -an thacene E-40-M e  a t= 
352 n m  ( peak) 
E-40- 1 e  ( 1 00 mg, 0 .32  m mol ) was photoirradiated at  A = 352  nm ( peak output, H i tachi 
F L 8BL-B)  in C H2Ch (3 m L )  for 5 . 5h .  A sample was taken to reveal a mixture of (E)- and 
(Z)-9- [ 4-methylbenzoylethenyl ]anthacene (42 :58  EIZ-.. W- M e) by I H MR spectrum (at 
400 Hz) .  
85) Photoirrad iat ion of 9-formylanth racene (37) 
37 ( 1 00 mg, 0/48 [5 ] )  in  benzene ( 3  m L )  was photoi rradiated using H itachi FL8BL-B 
l amps ( peak output A = 352  nm ) for 24h. The cooled sol ution was subjected directly  to 
column chromatography on s i l ica gel ( hexane - CH2Cb:  1 . 51 1 )  to give 66 ( 49 mg, 50%) 
as colourless crysta ls ;  I'ma" ( neat/em- I ) 30 1 6, 2822, 27 1 9, 1 725 , 1 475 1 45 1 , 1 3 78, 1 1 22. 
1 068, 782. 758.  7 1 1 ;  � (400 MHz, CDC b )  5 .49 (2H, s, C H ), 6 .62 (4H, dd, JJ =  7 .2  Hz, 
4J =  1 . 2 Hz). 7 .02 (4H,  dd, JJ =  7.2 Hz, 4J =  1 .6 H z), 1 0 . 1  ( 2H, s, C HO);  &: ( 1 00 .5  M Hz, 
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D h) 49.9 (2  . I I ) .  66.8 (2  , H ), 1 28 .6  (4  . C H ), 1 25 . 8  (4C, C H ), 1 26.9 (4C, C H ), 
1 28 .6  ( 4  , C l I ), 1 40 . 3  (4C,  CqUal ) ,  1 43 .4  (4C, Cqual ) .  200. 1 (2C,  CHO)  and anthraquinone . 
86) Preparat ion  of  ethyl  3-anth ran-9-y lpropionate (67) 
T ethyl-3 -anthran-9-ylacrylate (39-Et,  276 mg, l .0 mrnol ) in  toluene ( 5  mL) is given 
Pdf ( 5  wt%. 80 mg) and acetic acid ( 1 42 mg) .  Thereafter is added aBH .. ( 1 82 mg). 
fier t i lTing the mixture for a da at room temperature. hniher acetic acid ( 7 1 mg) and 
aBH .. ( 9 1  mg) are added . The reaction takes t ime to complete. and the progress i s  
monitored by TLC ( tol uene) ,  where the start ing matelial shows yel low fl uorescence and 
the product l ight  blue fluorescence. After the reaction is  complete, hal f conc. aq. HCl  ( 1  
mL)  and water ( 1 5  m L )  are added to hydrolyse excess NaBH4. The mixture is  extracted 
with C H:!Cb ( 3  X 25 m L )  and the organic phase is dried over anhydrous MgSO .. and 
concentrated in l'acLio . 
Column chromatography of the residue on s i l ica gel (CH2C b )  gives 67 (230 mg. 
85%) as a pale yel low viscous oi l * ;  Vmax ( neat/cm- I ) 1 729, 1 623 ,  1 446, 1 3 72, 1 1 82, 1 1 5 8, 
1 045 , 834. 733 .  602 ; (� I (400 M H z. CDC!)  1 . 29 (3H,  t, 3) =  7 .6 Hz,  Cl-b), 2 .80 (2H,  t, 3) 
= 8 .4  H z), 3 .97 (2H ,  t. 3) =  8 .4 Hz) ,  4 .22 (2H ,  g. OCH2) ,  7 .48 (2H,  m),  7 .55  (2H,  m), 8 .02 
(2K d. 3) =  8.4 Hz),  8 . 3 0  (2H ,  d.  3) =  9 .2 Hz) .  8 . 3 7  ( 1 H, s ) ;  ( 1 00 .5  M Hz, CDCb) 1 4. 3  
( C H3) ,  2 3 . 3  ( C H2) ,  3 5 .4 ( C H2) ,  60.7 (OCH2) ,  1 24 .0  (2C, C H ). 1 25 .0  (2C CH) ,  1 25 .9 (2C, 
CH),  1 26.4 ( C H ), 1 29 . 3  (2c' C H ), 1 29.5 (2c' Cquat) ,  1 3 1 .6 (2C, Cqual ) .  1 32 .5  (CqUal ) .  
* sl ightl y  i mpure with ethyl  3 -(9, 1 0-dihydroanthran-9-yl )propionate (68) .  
7 1  
87) Photoi rrad iat ion of etby1 3-ant h ran-9-y l p ropionate (67)  
Eth; l 3 -anthran-9-) lpropionat (67,  200 mg, 0 . 72 mrnol)  in  benzene (4  mL)  was 
photoinadiated at A = .., 52 nm for 22h. After 22h, colorless crystals had precipitated and 
were banging on the reaction tube ' s wal ls .  The overstanding solution was decanted and 
the cry tal were washed with hexane to give dimer 69 ( 1 1 0  mg, 55%) as a colorless sol id :  
I 'ma'> ( KBr/cm- l ) 3066, 2978, 2924, 1 728, 1 474, 1 449, 1 424, 1 3 74, 1 30 1 , 1 260, 1 1 8 1 ,  1 082, 
1 0 1 9_ 860. 792, 768, 697, 676, 642 ;  �I  (400 M Hz, C DCb)  1 .27 (6H,  t ,  3J = 7.2 Hz, 2 C H3) ,  
2 .36  ( 4H ,  t, 3J =  7.6 Hz),  3 .05 (4H,  t ,  3J =  7 .6 Hz). 3 .92 (2H,  s ,  C H ), 4 . 1 9  (4H, q, 3J =  7.2 
Hz, 2 OCH2), 6 .80 - 6.88 ( 8 H ,  m), 6.90 (4H, d,  3 J = 7 .2 Hz. �J = 1 .6 Hz) ,  6.94 (4H d,  3 J 
= 7 .2 Hz, 4J =  1 .2 Hz);  � ( l 00 .5  M Hz, CDCb) 1 4 .3  (2c'  CH3) .  30.6 ( 2C.  CH2) ,  3 1 .4 (2C, 
CH2 ), 55 .9 (2c' C H ). 60.6 ( 2C,  OCH2) ,  64.2  ( 2C,  Cqual ) ,  1 25 .4( 5 )  (4C, C H ). 1 25 . 5  (4C, 
CH) .  1 25 . 7  (4C. C H ). 1 27 .6  (4C, CH) ,  1 42 . 1  (4C, Cqual ), 1 43 . 5 (4C, Cqual) ,  1 74.0 (2C, 
CO) .  
88)  9- [ 2- (4-M ethy l p henacyl )ethy l J -an thracene ( 70-Me)  
To 9-[2-(4-methy lphenacyl )ethenyl Janthracene ( E-40-Me, 322 mg,  l .0 mmol )  in toluene 
( 5  m L )  is given PdlC ( 5  wt%, 1 00 mg) and acetic acid ( 1 42 mg).  Thereafter is added 
NaBH4 ( 1 82 mg), and the resu l t ing mixture is stin'ed at room tempreture for 1 6h .  
Thereafter. the reaction is  fi ltrated, the fi l ter cake washed with CH2Cb, and the fi l trate 
concentrated in vacuo. The residue is subjected to chromatography on s i l ica  gel (CH2Ch 
- hexane 4 : 1 )  to give 70-Me 0 as a colourless sol id ;  Vlnax ( neat/cm- I ) 3050, 1 677, 1 606, 
1 445 , 1 408, 1 347, 1 290, 1 1 80, 970, 732;  �� (400 M Hz, CDCb) 7 .23 (2H,  d,  3J =  8 . 8  Hz), 
7 .46 - 7 .54 (4H.  m) ,  7.86 (2H ,  d,  3J =  8 .0 Hz), 8 .03 (2H,  dd, 3J =  7 .6 Hz, 4J =  1 .2 Hz), 
8.2 (2 1 1 .  d, JJ =  8 . 8  Hz) ,  8 . 38  C ll- l ):  ( 1 00.5 MHz. CDC!) )  2 1 . 7 ( C HJ) ,  22. 1 (CH2 ), 
39.6 eCI-h ). 1 24 .0  (2c' C l I ), 1 25 .0 (2C, C H ). 1 25 .9  (2c' C H ), 1 26. 1 ( C H ), 1 28.2 (2c' 
C H ). 1 29 .3  (2c' C l I ), 1 29.4 (2C,  C H ), 1 29 .5  (2C. quat ) ,  1 3 1 .6 (2c' Cqual)' 1 33 .5 (Cqual ). 
1 34 .2  ( qual ) ,  1 44 .0  (eqUal ), 1 99 .0  (Cquat, CO).  
89) 9-[ 2-( Phenacy l)-ethy l ] an t h racene ( 70-H )  
To 9- [ 2- (Phenacyl )ethen l ] anthracene ( E-40-H ,  3 33mg, 1 .08 mmo l )  i n  toluene ( 5  mL)  is  
gi en PclJC (5 wt%, 1 04 mg) and acet ic ac id ( 1 50 mg) .  Thereafter is  added NaBH4 (200 
mg), and the resul t ing mi ture is t irred at room temperature for 1 6h .  Thereafter, the 
reaction i fi ltrated, the fi l ter cake washed with C H2Ch, and the fi l trate concentrated in 
vacuo . The residue is subjected to chromatography on s i l ica gel (CH2Ch - hexane 4 : I )  
to give 70- H ( 1 74 mg, 52%)  as a colourless sol id :  Fl11a� ( neat/cm" ) 3053 ,  2926. 1 68 1 ,  
1 447, 1 348 , 1 280. 1 204, 97 1 , 73 1 .  688;  � (400 MHz, C DCb)  3 .46 (2H,  t, JJ =  8 .4 Hz), 
4 .09 (2H.  t ,  JJ =  8,4 Hz),  7 .4 1 - 7 .53  (7H ,  m), 7 .96 (2H .  d, J) =  7.2 Hz), 8 .03 (2H, d. 3) =  
8 .0 Hz) ,  8 .27  (2H ,  d.  J) =  8 . 8  Hz),  8 . 39  ( l E, s ) ;  &: ( 1 00 .5  MHz, CDCb) 22.0 (CH2),  39 .7  
( C H2) .  1 24 .0 (2c' C H ). 1 25 .0  (2c'  CH) ,  1 25 .9  ( 2C, CH) ,  1 26.2 (CH), 1 26 .3  (CH) 1 28 . 1 
(2c' CH) ,  1 28 .6 (2C.  C H ), 1 29.4 (2c' CH) ,  1 3 1 . 6 (2C,  CqUal) ,  1 33 .2 (2C, Cqual) ,  1 33 .4  
(Cquat) ,  1 36 . 7  (CqUaL) ,  1 99.4 (Cqual CO) .  
90) 9- [2-(.t-Methoxyphenacyl)-ethy I J -anthracene ( 70-0Me) 
1 04mg as a colourless sol id :  Vl11a,\ ( neat/em- ' ) 2924, 1 67 1 , 1 599, 1 254, 1 207 1 1 79, 1 03 1 ,  
972, 732 :  � (400 MHz, CDC b )  3 .40 (2H,  t, 3) =  8 .0  Hz), 3 . 85 ( 3 E ,  s, OCH3) .  4 .06 (2H,  
t. 3) =  8 .0  Hz) ,  6.90 ( 2 H, d,  3) =  8 .8  Hz) ,  7 .45 - 7 . 53  (4H,  m) ,  7 .93 (2H,  d,  3) =  8 .8  Hz), 
8 .03 (2H ,  d,  J) =  8 .4 Hz),  8 .27 (2H ,  d,  3) =  8.8 Hz). 8 . 38  ( l H , s) ;  &:- ( 1 00 .5  MHz, CDCb) 
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2 1 . 1  ( H2 ), " 9 . " ( l- b ), 55 . 5  (OCH3) ,  1 1 3 . 7  (CH) ,  1 1 3 . 7  (2C,  C H ). 1 24 .0 (2C, CH) . 1 25 .0 
(2  , H ). 1 25 .9  (2c' H ), 1 26 . 1 ( H ). 1 29.3 (2c ' C H ), 1 29 .5  (Cqual), 1 30.03 (2C. CH) ,  
1 30 .3  ( 2  , CqUal) .  1 3 1 .6 (2C, Cqual ), 1 63 . 5  (CqUal ) ,  1 98 .0  (Cqual, CO).  
9 1 )  Dimer  7 1 - M e  
A oluti n of 9- [2-(4-methyl phenacyl )-ethyl ] -anthracene ( 70-Me, 1 1 1  mg, 0 .34 mmol)  in 
benzene (4 . 5  m L )  was photoi rradiated at A. = 352 nm for 22h.  The reaction mixture was 
subjected d i rect l y  to column chromatography on si l i ca gel (CH2Cb - hexane 4 :  1 )  to give 
d imer 7 1 -M e  as a colorless sol id :  Vmax (KBr/cm- l ) 29 1 1 ,  1 680, 1 605, 1 473 .  1 45 1 ,  1 407, 
1 357, 1 1 82 , 8 1 2, 775 , 679, 643 ; c5ri (400 M Hz, CDCb) 2 .28 (6H,  s, 2 C H3 ), 2.98 (4H, t ,  3J 
= 7 .6 Hz),  3 . 1 3  (4H ,  t, 3J = 7 .6  Hz) ,  4 .00 (2H ,  s) ,  6 .74 - 6 .76 (8H ,  m) ,  6 .77 - 6.85 (4H,  
m ). 6 .89 - 6.9 1 (4H,  m) ,  7 .09 (4H,  d ,  3 J = 8 .4  Hz) ,  7 .67 (4H,  d, 3 J = 8 .4  Hz) ;  ( 1 00 .5  
1 Hz. C DC!)  2 1 .6 (2C, C l-b) ,  29 .8  (2C.  CH2), 34 .9 (2C. CH2) ,  56.0 ( 2C, CH) ,  64.3  (2C, 
Cqual) ,  1 25 . 5  (4C, C H ), 1 25 .6  (4C, C H ), 1 25 . 7  (4C, CH) ,  1 27 . 7  (4C, C H ), 1 28 . 1 (4C, CH) ,  
1 29.2 (4C,  C H ), 1 34 .4  (2C.  Cqual) ,  1 42 .5  (4C, Cqual) ,  1 43 . 7  (4C, CqUal), 1 43 .9 (2C,  Cqual ) .  
1 99 .7  (2C. Cqual, CO) .  
92) Dimer 7 1 -H 
A sol ut ion of 9-[2-(phenacyl )-ethy l ] -anthracene ( 70- H ,  1 74 mg 0.56 mmol ) in  benzene 
(5 mL)  was photoirradiated at A. = 352  nm for 22h. The reaction mixture was subjected 
direct ly to column chromatography on s i l ica gel (CH2Cb - hexane 4 : 1 )  to give d imer 
7 1 -H as a colourless sol id :  VOlax ( KBr/cm· I ) 3065, 2920, 1 683 ,  1 474, 1 448 .  1 296, 1 203, 
780, 738, 690 640; c5ri (400 M Hz, C DCb)  3 . 09 (4H ,  t, 3J =  8 .0 Hz). 3 .2 1  (4H, t ,  3J =  8.0 
Hz).  4.07 (2H .  s),  6.82 - 6.84 ( 8H ,  m ), 6 .88  - 6.92 (4H,  m ), 6.96 - 6.98 (4H,  m), 7 .34 -
74 
7 . 38  ( 4 I l ,  m ). 7 .49 ( 2 H. dd. 3J =  7 .4 Hz. 3) =  7.4 Hz), 7 .83  - 7 .85 (4H,  111 ) ;  ( 1 00.5 MHz, 
DCb) 29. 7 (2C, ' J  b . 35 . 1 (2C, C I 12 ) ,  56 .0 ( 2C, C H ), 64 . 3  (2C, Cquat) ,  1 25 . 5 [ 5 ]  (4C, 
I I ) ,  1 25 .6 (4 , 1 1 ), 1 25 .7  (4 , H ), 1 27 . 8  (4C, C H ), 1 28 .0 (4C, C H ), 1 28 .5  (--lC, CH) ,  
1 36 .8 (2c'  Cquat ) ,  1 4� .4  (4  , Cqual ), 1 43 . 7  (4C, Cqual), 200 (2C,  Cqual, CO).  
93) Dimer 7 1 -0 M e  
A ol ution o f  9- [ 2-( 4-methoxyphenacyl ) -ethyl ] -anthracene ( 70-0M e, 1 00 mg, 0.29[5 ] 
mmol )  i n  benzene ( 5  m L )  was photoirradiated at A. = 352  nm for 22h. Afterwards. the 
o l \' nt was a l lowed to evaporate at room temperature. The partial ly sol id  product was 
taken up in C H2Cb/hexane ( 1 :  1 , 8 mL) .  The remaining sol id  was fil tered to give 7 1 -0Me 
( 60 mg)  as  a colourle s o l id .  The supematant was subjected to  column chromatography 
on s i l ica gel ( hexane/C H2Cb/ether 1 :  1 :  1 )  to gi e further 7 1 -0 M e  ( 1 8  mg) for a combi ned 
yie ld of 78%: 5H (--l00 M Hz. CDC!) 2 .93 (4H,  t, 3J =  8 .0  Hz) ,  3 . 1 1 (4H,  t, 3J =  8 .0 Hz), 
3 . 72 (6H, s, 2 OCH3) .  3 .98 (2H ,  s),  6 .7 1  - 6 .75 ( 8H ,  m) ,  6 .8 1 - 6 .83(5 )  (4H. m) ,  6 . 86(5 )  
- 6.89 (4H.  m) ,  7 . 73 (4H .  d. 3J =  9.2 Hz) ;  ( 1 00 .5  M Hz, CDC!)  29 .9 (2C, CH2) , 34 .6 
( 2C,  CH2) .  55 .4  (2 ,  OCH3) .  56 .0 (2C, C H ), 64. 3  (2C, Cqual ) ,  1 1 3 .6 (4C, C H ), 1 25 .5 (4C,  
C H ). 1 25 . 8  (4C, CH) ,  1 27 .7  (4C. C H ), 1 28 . 3  (4C, C H ), 1 29.9 (2C, Cqual)' 1 30.3 (4C, C H ), 
1 42 .5  (4C, Cqual ), 1 43 . 7  (4C , Cqual ) ,  1 63 .4 ( 2C, Cqual), 1 98 . 5  (Cqual. CO) .  
9-') UV measu rement  
9-( Benzoy1carbonylethenyl )-anthracene ( E-40- H ,  1 0 . 3  mg) was weighed i nto a 25 mL 
volumetric flask and acetonitri l e  was added to the gradat ion mark. Then, 2 mL of the 
ensuing solut ion wa pipette into a second 25 mL volumetric flask and acetonitri le was 
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added [0 the gradation mark . For the measurement, a standard quartz cuvette ( 1  cm)  was 
used. 
C h a pte r 3 :  Res u l ts a n d  D i  c u s  IO n  
3. 1. P repa ra t i o n  of  a n t h ra c e n es w i t h  pi-s u b  t i t u e n ts at C9 
3. 1 . 1  Preparat ion of the  Pho phorane 
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The pho phoranes [or the subsequent Witt ig-o le fination reactions were prepared from 
a-bromoketones (e .g . ,  ub t i tuted phenacyl bromides 30) or from ethy l bromoacetate (33) 
by \ -react ion wiU1 triphenylphosphine ( PPh3 ) in CHCb as solvent, analogous to known 
procedure ( Ramirez 1 95 7 )  as hown in  cherne 1 6 . 
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Scheme 1 6 : Preparation of stabi l ized phosphoranes 3 2  and 3 5  
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Ethyl bromoacetate (33)  was acquired commercial ly,  but the phenacyl bromides 
30 had to be prepared. I n it ia l ly ,  they were made by reaction the corresponding 
acetophenones with bromine in  acetic acid .  The by-product of the reactions is hydrogen 
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bromide ( H Br) .  Thi and the fact that the phenacyl  bromides are lachrymators make the 
work-up of the reactions ver problematic .  dditional ly, often the phenacyl  bromides are 
not pure enough for the next tep of react ion to the phosphonium bromide, so that the 
phenacyl bromides have to be puri fied by col umn chromatography on s i l ica gel . 
Therefore, another s nthetic procedure was adopted that is based on the 
bromination of the a-carbon to a carbonyl function by N-bromosuccin imide (N BS) .  Here,  
in recent t ime a lot of research has been carried out (Sreedhar 2007, Tanemura 2003,  
Me hram 2005) .  The best procedure, however, was found to be the one forwarded by 
Pra st  et al . ( Pravst et  al . 2008) ,  where a solventless melt of N BS and ( subst i tuted) 
acetophenone \Va heated in  the presence of a cata lyt ic  amount of p-tol uenesulfonic acid 
(p-T OB).  The reaction m ixtures were simply poured into water and extracted with 
CB2Cb.  After dr ing the orgaluc extract and e aporati ng the solvent, the products were 
pure enough ( as determined by I H MR spectroscopy) to be used in the fol lowing step. 
NBS, p-TsOH (cat.) 
soJventJess 
o 
29 
R_I I 
30 
B r  
o 
(adopted rrom Pravst et a l .  2008) 
Scheme 1 7 : Solventless halogenation of acetophenones 29 accord ing to Pravst 
The substituted acetophenones themselves were part ly bought, part ly prepared by 
acy lation of the arenes such as of anisol  (CH3COCl ,  A lC! ) )  (M .  al Sulaibi 20 1 1 ) . For both 
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the reaction of ethyl bromoacetate as wel l  as of th phenacyl  bromides with 
tri pheny lphosphine, the corresponding phosphonium bromide \ ere isolated b precipi ­
tation from the reaction mi, ture b th addi tion of ether. The phosphonium bromides were 
om erted to the pho phoranes by stirring the phosphonium bromides in  a 1 0  wt% ag. 
a2CO] o lution. The pho phoranes were crysta l l i zed. 
3. 1 .2.  \V itt ig react ion of 9-an t h ra ny lcarbaJdebyde 
9- nthranylcarbaldehyde reacts with ethoxycarbony lmethyl idenetriphenyl phosphorane 
in a min imum amount of CHCb or even under sol entless condit ion . As the two benzo­
unit  of the anthranyl system are thought to pose ome steric hindrance in the transition 
tate of the Wittig o lefination i t  is  good to maximize the concentrat ion of both partners. 
oh·ent les Wittig react ions or Witt ig reactions run with a mini mum of C HCb as solvent 
usua l ly  produce the o lfination products in good yield,  especia l ly  when run with stabi l ized 
phosphorane (Thiemmm, 2004; 2006; 2007) .  However, 9-anthranylcarb-aldehyde could 
not be reacted with formyl methy l idenetriphenyl -phosphorane in CHCb or in  higher-boi l ­
ing o lvents, where the temperature needed for any reaction to occur resulted in  the de­
composit ion of the phosphorane, even when the reaction was carried out under nitrogen . 
Phenacylmethyl idenetriphenylphosphoranes 32 react also with 35 under 
solventless condit ions at 1 40°C, in reaction times of 3 -4h. Again, these reactions are run 
in air. I n it ia l ly, the Witt ig reaction of 9-anthranylcarbaldehyde and 4-fluoro­
phenylcarbonylmethyl idenetriphenylphosphorane was run in refluxing xylene ( about 
1 25°C) .  A fter 24h, the reaction seemed not to be complete. Thereafter the reac tion was 
run sol ent less. A fter 24h at 1 40°C, the reaction was stopped. Monitoring the reaction by 
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TL proved d i fficu l t .  tart ing material and product beha e d ifferent! on the TLC with 
benzene as e luent, with the product ha i ng a s l ightly larger Rf value. At A.= 365 nm, the 
starting material sho\\l bright yel low fluorescence ( under the UV lamp), the product does 
n 1 .  The Wittig olefination products can be puri fied by col umn chromatograph on s i l ica 
gel . I Iowever, it was a lso possible to add water to the reaction mixture, extract the mixture 
with benzene, and cry tal l i ze the product se lectively from the extract, especia l ly in  the 
case of eth I 9-anthranylacrylate (39)  as shown in Scheme 1 8 . 
� � � 
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Scheme 1 8 : Witt ig o le ftnat ion of 9-anthranylcarba ldehyde ( 3 7 )  
[ This reaction is stabilized phosphorane with minimal CHCl3 as solvent or under 
solventless conditions] 
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9-anthran) I carbaldehyde when reacted with ethox carbonylmeth l idenetripheny 
pho phorane in very mal l amounts of CHCb at 1 1 0°C, the reaction to the Wittig-product 
is  complete after 90 min .  In later e. peri ments, 37 and 35 were reacted solvent less, where 
a magnet ical ly  t i rred mixture of 37 and 35 was heated to  l 30oC . At  l 30oC, the m ixture 
produce a melt and thi l iquid undergoes Wittig olefination rapidly.  0 inert atmosphere 
is used \ hen running the experiment. Whi le such reaction condit ions may be seen as a 
contribution to green chemistry, the easiest way of separating the product from 
pbosphorane, used in s l ight excess, and triphenylphosphine oxide is by column 
chromatography with benzene as e luent .  I t  was found that the brominat ion of ethyl 
anthranylacr late (39)  occurs mainly at C I O  of the anthranyl  unit, not at the double bond . 
The two-bromination products - n  and -t2 can be separated easi ly .  The ethyl 1 0-
bromoanthranylacry late -t l  can be arylated at the C I O  posit ion by a Suzuki M iyaura 
reaction to gi e -t-t as shown in Scheme 1 9  (AI  Sulaibi 20 1 1 ;  Sadeq 20 1 4) .  
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3. 1 .3. Photoche m i  t ry of 9-Aroyletheny lanthracene a t< 300 n rn 
8 1  
I ni t ia l l y. CI) tal of eth I 3 -( 9-anthran I )-acrylate (39-Et )  and ethyl  3- (9-bromoanthran-
1 0-) 1 ) -acr) late ( 4 1 )  were grovvn for X-ray crysta l lograph ( Figures I and 2 ) .  The X-ra 
cry tal tructure of both compound howed that in  the crystal the compounds are too far 
apart to photoreact ( Bugenhagen 20 1 3a, 20 1 3  b) .  A sample of a further compound. 9-(4-
ch lorobenzoylethen 'l )-anthracene ( E-40-CI )  \ as sent to the Department of Inorganic 
Chemi tr. . n iyersity of  Han1burg for X-ray crystal structural analysis. the resu l ts being 
awaited . Whi le  sol id  state. bond- forming photoreactions of organic molecu les are known 
( Ito 1 999), it is un l ikely that any of the aroyletheny lanthracenes above wi l l  undergo photo-
induced cyc1oadditions in the crystal . 
F igure 1 :  Crystal pack ing of ethyl 3-( anthran-9-yl )-acry late (39-Et) 
[Showing intermolecular distances that are 100 large for photochemical dimerizatiol1 reactions 
in the crystal ( Bugenhagen 2 0 1 3a)] 
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Br 
Figure 2: Cry ta l  packing of eth I 3-(9-bromoanthran- 1 O-y l )-acry late (4 1 )  
[Showing intermolecular distances {hat are too large for photochemical dimeri::ation 
reactions in the el)' fal ( Bugenhagen 20 1 3b) ]  
ext  step, the ethyl E-anthranylacrylate and E-aroyletheny lanthracenes were 
photo i rradiated as sol utions i n  CH2Cb using 1 3  USHIO G8T5 lan1ps ( 7 .2 W low-pressure 
mercury arc lamp with a radiat ion peak at= 253 . 7nm).  It was noted that the E-
aroylethenylanthracenes upon photoirradiatjon formed mixtures of c lose to 1 :  1 E- and Z-
aroyl ethenylanthracenes after 24h. I n  addit ion. eth I E-anthranylacrylate isomerized 
under photo i rradiation, howe er. the acrylate showed some polymerization over t ime. I n  
addit ion, the photoreaction nuxtures of the aroylethenylanthracenes were appreciab ly  
dark so  that some ol igomeri sation was occur ri ng.  
The Z-i somers as photoproducts could be iso lated by column chromatography and 
obtained in a pure state, except for the ( Z)-4-methoxybenzoylethenylanthracene. In-
terestingly. the Z-i somers 40 e lute from the column after than E-isomers 40. which is  
unusua l .  The Z-i somers Z-40 was photo i rradiated. and again a mixture of E-Z-isomers 
was noted. 0 rearrangement product as described by Becker et a1 .  ( Becker 1 985b) were 
noted at this \vavelength. In  addit ion, at this Sh0l1 wa elength, no [4+4] -cycloaddition 
would have been expected, but a [2+2 ] -c c loaddit ion could have been possible 
( hiemann, 1 997) .  
I x --
I 
o 
h v  
X= H .  4-CH3' 3-NO�. 4-F. 4-Br. 4- 'leO Z-40 
cherne 20: E-Z- i sornerisation of the aroy lethy leneanthracene 40 at= 253 .7nrn 
3.2. 9-A roy let h e n y la n t h ra c e n es & 3-A n t h ra n -9-y l a c ryla tes Cycload d i t ion 
Cycloadd ition is  carried out  wi th  maleimides and maleic anhydride 
3.2. 1 .  P reparat ion of N-A ry lmaleim ides 
In order to i so late the enone or ene-ester moiety in  the molecules for a photoreaction, i .e . ,  
for [2+2] -cycloaddition, a [ 4+2]  cycloaddit ion of the anthracenes wi th  dienophi les was 
attempted . For this, malei mides 48 had to be prepared . They were synthesized according 
to a known procedure (Crive l lo  1 976) as shown in Scheme 2 1 .  
· r a  X - .j-Br 
4 S b  X = I I  
4 5 c  X = 2-Me 
4 Sd X = <l -Me 
4Se: X = 4-i'vteO 
4 s r  X - 2,5-Di-l\leO 
45g X = 2.4-D I-F 
4Sh X = 2.6-DI-f 
47a X = 4-Br 
47b:  X =  H 
4 7c X = 2-Me 
47d: X = 4 - Me 
47c X = 4- !eO 
4 7f: X = 2 . 5-Di-l\ !eO 
47g. X = 2.4-Di-F 
47h' X =  2.6-DI-F 
Tl I F. rt 
• 
46 
• 
X 
QNJY
OH 
H 
47a : X = <l-Br 
47b : X = H 
47c. X = 2-l\!e 
47d : X = <l - ! e  
47e : X = 4-MeO 
47f: X = 2,5-Di- leO 
47g. = 2.4-Di-F 
4 7h : X = 2,6-Di-F 
o 
o 
48a:  X = 4-Br 
48b:  X = I I  
48c:  X = 2-Me 
48d : X = 4- ! e  
48e : X = 4-0Me 
48f: X = 2,5-di-OMe 
48g: X = 2,-1-Di- F 
48 h : X = 2.6-Di-F 
Scheme 2 1  : Synthesis of N-ary l male im ides 
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ubsti tuted ani l ines were reacted with maleic anhydride ( MSA, 46) to give the 
corresponding maleic acid monophenylamides 47. The reactions were carried out in THF 
at Rr.  While most ani l ines reacted within 90 min . ,  ani l i nes with e lectron-withdrawing 
substituents were more sluggish to react .  Thus. whi l e  2,4-di fluoroan i l ine (4Sg) sti l l  
reacted \ i th in 9 0  min .  t o  give the ring opened amide in  acceptable yield, 2,6-
d ifluoroani l i ne (4Sh )  did not . Reaction of the maleic acid  monoarylamides in hot acetic 
anhydride in  the presence of sodium acetate gave the corresponding malei mides. After 
the reaction was complete the reaction mixture was cooled and subsequent ly  added to aq . 
a2 03 . The maleimides were puri fied by column chromatography .  
3.2.2.  Cycloadd it ion of Anthracene to Ma leim ide and Ma leic An hydride 
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[ 4+2 ] - } c loaddit ion \\- ith substituted anthracenes ha been tudied (Atherton 2003) .  s it 
\\ as not certa in whether the v iny l  subst i tuent on C9 of the anthracene v ould have a det­
rimental effect or \\-ould part ic ipate in the cycloaddit ion reaction of the anthracene. at first 
it was attempted to caITY out the Die ls-Alder reaction of the anthracene at the stage of the 
9-anthran Icarbaldehyde (37 )  ( Scheme 22) ,  fol lowed by a Wittig reaction of the 
carbaldehyde contain ing cyc loadduct 49 as shown in Scheme 23 .  
9 - nthranylcarbaldehyde (37 )  has been submitted to  [4+2] -cycloaddition 
reaction previou ly  (Meek 1 95 2 ), al though not to cyc loaddition reactions with 
maleim ide 48. In our studies, 9-anthranylcarbaldehyde (37 )  was subjected to solvent less 
Die ls  Ider reactions at  1 1 0- 1 1 5°C with a number of maleimides 48. After 1 3h, the 
reaction mixtures were cooled and d i l uted with ether/hexane, whereupon the cyc loadducts 
cry tal l i zed. The reactions gave appreciable yields ( 78% - quant . ) ,  and in  no instance 
could a concomitant decarbonylation be observed . Solventless reactions have been used 
previously in the cycloaddit ion of anthracenes with l iquid mono-activated alkenes such 
as \vith alkyl acry lates or propiolates (Meek, 1 952;  Atherton, 2003 ) ,  but not with 
maleimides. 
CHO + 
37 
o 
X
n 
-OX 1 1 5 °C �N N 0. !J --" 
\\ I neal 
o 
4Sa X - 4-Br  
4Sb X = I I  
4Sc X = 2 - M e  
4Sd X = 4-Me 
-,Se X = 4 -0 M e  
-,Sf X = 2,5-ul-O l\ l e  
49a " X = 4-Br 
49b X = H 
49c X = 2 - Ie 
49d X = 4 -Me 
4ge X = 4-0 Me 
o 
4Sg X = 2,4-ul-r 
4Sh X = 2,6-dl-F 49f X = 2 , 5-dl-O Ie 
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49g X = 2,.J-dl-F 
49h X = 2,6-dl-F 
cheme 22: [4+2]- yc loadd i t ion of 9-anthran Icarbaldehyde ( 3 7 )  with ary lmaleim ides 48 
The Wittig-olefinat ion of the cyc loadducts such as of 49a with e en relatively 
reactive phosphorane , uch as ethoxycarbonylmethyl idenetriphenylphosphorane (35)  
necessitates relat ively long reaction t imes, Thus after 90 min .  i n  reflux ing chloroform, 
�9a produced the Witt ig o lefinat ion product 50 in only 3 1  % yie ld as shown in Scheme 
23 .  
o 
ren o  CHCI3 
49a: X = 4-Br 50 
Scheme 23 : Witt ig  olefination of the cyc loadduct 49a 
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Therefore, i t  \ a decided to carry out the Witt ig-olefination on 
anthranylcarbaldehyde fi rst and sub equently ubject the acrylates to Diels Alder type 
reaction. This \\orked wel l ,  where diene 39-M e/39-Et  and dienophi le  48 were heated 
under olvent le condit ions for the Diel Alder reaction to proceed as shown in Scheme 
o 
+ 
o 
�8 
39-Etl39-'Ie 
'-Q N 
.. 
5 1  
o 
S I b·Et :  X =  H. R = Et 
5 I d·Me: X = 4-Me, R= Me 
Sle-�Ie: X = 4-0Me. R = Me 
5 1 e-Et· X = 4-0Me. R = Et 
5 I g·Et : X = 2,4-dj·F. R = Et 
5 1  h·Et: X = 2.6-di·F, R = Et 
cherne 2-l : Die ls  A lder react ion of anthranylacl) lates (39Et/39-Me) w ith  rnale irn ides 48  
The mixture provided a mel t  a t  the reaction temperature of 1 20°C, which started 
to sol id ify as the reaction proceeded. Al though the melt ing-so l id ification behaviour 
i nd icates that the reaction may be completed after 1 5 -20 min . ,  this type of reaction was 
run for 3 -4h. Here, though, larger amounts of staliing material  were d ifficul t  to stir to 
provide a homogeneous mel t, and in these cases, more start ing materials remained after 
the reaction. The reaction product is  poorly soluble in DMSO, so the product could not be 
adequate ly  analysed spectroscopica l ly .  
ag. aOH 
• 
THF 
PPh}, eBrCl] 
CH10H 
CH,Ci, 
cherne 2 5 :  Trans-esterication of 39-EI. 
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In the case of the 9-aro lethenylanthracenes, the Diels-Alder reactions were 
carried out in a minimum amount of xylene ( usuaJJ 0.3 mL-0.5 m L )  as shown in Scheme 
_6. The reactions \ ere calTied out in smal l  volume round bottom flasks (5 mL and less), 
which were stoppered d irect ly .  Reflux condensers were not used as i t  was found that many 
of the dienophi les ( such as 4-methoxyphenylrnaleimide and maleic anhydride) were 
subl imat ing out of the reaction mixture . 
o 
+ N·Ph-X 
o 
y 
Scheme 26:  Die ls  A lder react ion of aroylethenylanthracenes 40 with male irn ides 48 
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The reaction of anthranylacry l ic ac id, which IS fonned from ethyl 
anthran) lacry late by hydrolysis (aq. aO I I ,  THF, Scheme 25), and maleimides cannot be 
can-ied out solventles at temperature of 1 30°C or below, as melts do not form. Rather in 
these cases. x l ene i s  used a so lvent as shown in Scheme 27.  
� � � 
# # # 
� 
C02H 
39- 1 1  
0 
+ q�'", 
0 
.t8 
'-Q 
0 
N 
CO,H 
53.: X 4-Me 
53b X 4-8r 
cheme 2 7 :  Die ls  A lder react ion of anthranylacl) l ic acid 39-H "v ith male im ides 48 
Final ly .  maleic anhydride, diethyl maleate and diethyl fumarate cou ld be 
cyc loadded to 37, 39-Et/Me, and E-40. I n  the case of the cycloaddition of naphthoquinone 
( 54 )  to anthranylcarbaldehyde 3 7, the photolysis of the primary cycloadduct 55 at }. = 254 
run l ed to dehydrogenative oxidation to quinoid cyc loadduct 56 as shown in cherne 28.  
o 
37 CHO o 5� 
cherne 2 8 :  Die ls-Alder react jol1 
55 
h i  
o"\ldauon 
56 
[Reaction of anthranylcarbaldehyde with naphthoquinone (54) and 'ubsequent 
photolytic dehydrogenative oxidation to 56] 
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Anthrany lacr lates and phenacylethenylanthracenes seem to react equa l ly wel l .  
The major d i fference i n  the reaction being associated with the physical property o f  the 
melt ing point of the start ing materia ls rather than with significant ly di fferent e lectronic 
characteristics of the start ing materials .  This can also be viewed from the computational 
data of HOMO-LUMO of selected vinylanthracenes, where no signi ficant d ifferences in  
HOMO-LUMO data are discernible when compared the compounds as  in Figure 3 .  
9 1  
HOMO (eV ) 
tr 1 -5 .39 
�o o 
Str4 -2. 1 2  -5 .33  
Table I :  Spatia l  d i str ibution and energies of HOMO-LUMO 
It can be seen that the HOMOs and the LUMOs, respectively, for the compounds 
are s imi l ar in energy and spatia l  d istribution. A l l  calculations were performed using the 
Gaussian 09W CO l program (Gaussian 09). Geometry opt imizations for the each 
molecule were performed without symmetry constraints i n  the gas-phase using the 
B 3 L  YP (Becke 1 993,  Stephens 1 994) hybrid functional and 6-3 1 G(d)  basis set. 
pl imi7ed structures were con firmed to be energy min ima through vibrational frequency 
calculations Orbi tal energies, i so-surfaces were calculated using the same functionaL and 
basis et .  
0 
� � � 0 
Qo � � #' + 
x}lene 
� reflux 
39-Et  -16 0 57 
C02Et C02Et 
c herne 29 :  Eth) I 9-anthranylac ry late (39-Et) c) c loadduct \\ i th maleic anhydride ( MSA, 46) 
+ 
-t8 
X} lene 
reflux 
68h 
-t-ta X = 3-N02' Y = Br, R = Me 
-t-tb X = H, Y = Br, R =  H 
·Uc X = 3-N01' Y = Br, R = H 
58 
C02R 
58. X = 3-NO" Y Br, R Me 
58b X = H, Y = Br, R H 
58e X = 3-N01' Y = Br, R H 
cheme 30:  I O-subst ituted ethylanthranylacrylates & anthranylacry l ic  ac ids cycloaddit ion 
o 
o 
+ 0 .. 
ylene 
retlu\ 
0 
E-IO .t6 S9 
0 
Y = Br. CI I) 
° 
I
V 
j y 1 )  EIOH. a,CO, 11 ) a ) CBrel). PPh3, b ) EIOH 
� EIOlC 
#' (CO'" 
.. 
�) lene C02El retlu, 
E·.tO 60 
0 
y 
Scheme 3 1 :  [ 4+2]-cyc loaddit ion react ions wi th  E-40, fo l lo\ s reactions on cyc loadduct 59 
3.2.3. Fol low-u p  React ions of the Cycloadducts 
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Fol low-up reactions on cycloadducts of maleic anhydride on anthracene itse lf  are known 
(Gouda 20 1 1 ) . To have 6 1  in a better yield,  i t  was tried to react £-40 with the more 
reactive MSA first then hydrolyse the cycloadduct to the corresponding dicarboxyl ic 
ac id, and esteri fy the dicarboxyl ic acid to 6 1 . The dicarboxyl ic acid was found to be very 
poorly soluble .  As the reaction mixture contained sti l l  some THF when appl ied to the 
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column and T I  [ F  lend sol ub i l ity to the dicarbox; l i c  ac id, it crystal l ized along the column 
when the mi  ture " a eparated with ether/ethyl acetate 3 :  1 .  
The ontent of eth I acetate in  the e luent was raised accordingly. evertheless. 
e\ n \" jth ethyl acetate alone it took many hours for the substance to vacate the colurnn.  
Thereafter, ethyl acetate " as e aporated at 11. During the evaporat ion process, 
dicarbo . .  I ic ac id prec ipitated read i ly  and lent itse lf  to esteri fication to 6 1  (CBrCb, PPh3, 
H2Ch;  i i .  EtOH) .  Overa l l ,  the direct cyc loaddition of E-40 with d iethyl maleate gives 
the cyc loadduct 6 1  in  a better yield ( Scheme 3 1 ) . 
3.2.4.  Photochemistry of the  Cycloadduc ts at  A. < 300 n rn  
An investigation o f  the photoreactivity o f  the -(aryl )-9-formyl-9. 1 O-dihydro-9, l O( -t,' 5 ' )­
succ in imido)anthracenes was carried out. C leavage to a carbonyl group would happen 
(see 1 .2 .2 . ) ,  \vhich would  l ead to a decarbonylat ion as shown in Scheme 32 .  
R "",  
N 
o 
-co 
R "",  
N 
o 
Scheme 3 2 :  Expected photochemical -cleavage 
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1 0,  a -cleavage to the im ido carbonyl or, as the product would be aromatic, a ,B-cleavage 
to the form) l group and the im ido function cou ld be expected ( Figure 4 ) .  
o 
Figure 3 :  Po s ib le photochemical and -c leavages 
N-( aryl )-9-foffi1y l -9, 1 0-d ihydro-9, 1 0(4, ' 5 ' ) - uccinimido)anthracene 49 ( 1 00 mg, 
ca. 0 .25 mmol )  was d issolved in CH2Ch ( 3 .5 mL)  and the ensuing solution was 
photo i rradiated in a quartz tube for 60h with 1 3  USHIO G8T5 lamps in a LuzChem 
photoreactor (7 . 2  W low pressure mercury  arc lamp with a radiation peak at A = 253 . 7  
nm) ,  " here the reaction was monitored by I H N M R  spectroscopy. The photoreaction of 
N-( methylphenyl )-9-fonny l-9, 1 0-dihydro-9, 1 0(4 , '  5 ' )-succin imido)anthracene(49d) has 
revealed very l i ttle photoreactivity of the cycloadduct. Therefore, slow decarbonylation 
to - (methylphenyl )-9, 1 0-dihydro-9, 1 0(4, ' 5 ' )-succin imido)anthracene ( 62d)  occurred .  
F or  the companson, N-(methylphenyl ) -9, 1 0-dihydro-9, 1 0(4, ' 5 ' )-succinimido)­
anthracene (62d)  was produced in an independent way by cyc loadd ition of N-(p­
methylphenyl )male imide and anthracene ( Scheme 3 1 ). By TLC. a trace of 9-
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f rm) lanthracene (37)  was found in the photoreaction, however, the presence of 9-
f01111y lanthracene (37) could not be sho\v1  b I H NMR spectrum. 
A smal l amount of anthracene could  also be ident ified in the photoreaction 
mixture. I nterest ingly, larg r amounts of 9, 1 O-anthraquinone could be isolated from the 
mixture .  It mal be that the anthraquinone stems from photooxygenation of anthracene, 
\\ hich is a known reaction, though it is most ly seen in the presence of a photocatalyst. 
Perhaps, anthraquinone is  produced d irect ly via the c leavage product of the 9-
fomlylanthracene. The photoreaction of -( 4-methoxyphenyl )-9-fom1yl-9, 1 0-dihydro-
9 , 1 0(4, ' Y )-succ in imido)anthracene produces 9-formylanthraquinone and -(4-
methoxyphenyl )maleimide with a trace of anthracene ( Scheme 32 ) .  After 60h of 
photoin-ad iation, the ratio of 9-form lanthracene to anthracene was 2: 1 .4 as observed by 
I H  MR spectroscopy. 
o decarbonylation product could be observed. For comparat ive purposes, again 
the decabonylation product, such as N-(4-methoxyphenyl )-9, 1 0-dihydro-9, 1 0(4:S ' )­
succin imido)-anthracene, was produced independently  by cyc loaddi tion of -(4-
methoxyphenyl )maleimide and anthracene. This retro-cycloaddit ion of -(ary l)-9, 1 0-
d ihydro-9, l 0(4, ' S ' )-succinimido)-anthracenes has been noted recent ly by Thapal iya et 
a l . .  who in-adiated a series of C9-non-substituted N-(aryl)-9, 1 0-dihydro-9, 1 0(4: S ' )­
succ in imido)anthracenes at=2S4nm (Thapal iya, 20 1 4 ) .  Equal ly  the photoreaction of -
(2 ,S-dimethoxyphenyl)-9-formy l -9, 1 0-dihydro-9, 1 0(4, '  S ' )succinimido )anthracene was 
carried out, which agam produced 9-formylanthracene and anthraquinone. 
Decarbonylat ion products, N-(2,S-dimethoxyphenyl )-9, 1 0-dihydro-9, 1 0(4, ' S
' ) -
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llcc in imido)anthracene (62f) v as not obtained as it was ascertained b preparing 62f 
eparatel fr 111 anthracene ( 1 6 ) and J -(2,S-dimethoxyphenyl )maleimide (48f) ( chemes 
34 and 3 5 ). A l l  the photoreaction were very slow. Additional ly. some ol igomers were 
fonned and reacti n mi xtures turned l ight brown. 
U N U N 
o o 
h i'  - 0 
62d 
.f9d /0 
� � � <'-0-0 48d 
� � � 1 6  
Scheme 3 3 :  Photoreact ion o f  cyc loadduct 49d a t  t.. = 254 nm 
part from cycloadduct 62d, sma l l  amounts of N-(4-methylphenyl )maleimide, 
formylanthracene and anthracene, anthraqu inone could be detected. For comparative 
purpo es, cycloadduct 62d was prepared separate ly from anthracene ( 1 6) and -(4-
methylphenyl )maleimide (48d) .  
xU N 
o 
X= -I-MeO, 2,: -lli-'v'eO 
4ge/f 
h i' 
CHO 37 
o + 
o 
cherne 34 :  Photoreact ion of cyc loadducts 4ge and 49f at A. = 254 nm.  
[ 9-Formylanthracene. maleimide, anthracene and anthraquinone were the major 
products] .  
1 6  48c eX  =: 2-Me) 
.t8e e x  =: 4-MeO) 
.t8f (X =: 2,5-di-MeO) 
.. 
x 
(\� 
o 
o 
N 
62c ex =: 2-Me) 
62e (X =: 4-MeO) 
62f ex=: 2,5-di-MeO) 
Scheme 3 5 :  P reparat ion of cyc loadducts 62 to compare the photochem ical react ions of 49. 
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N-(aryl )-9-( 4-substituted)benzoylethenyl -9, 1 0-dihydro-9, 1 0(4, ' 5 ' )-succ in imido)-
anthracenes were photoi rradiated at A = 254 nm .  The first i rradiation of a compound, 1 -
(4-methylphenyl ) -9-(E)-methylbenzoylethylene-9, 1 O-dihydro-9, 1 0-(4, ' 5 ' ) -succ in imido)-
anthracene, showed a quick accumulation of a new product with the appearance of a 
double set of  methyl groups in the ' H  NMR spectrum, The newly formed product could 
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be separated by c l umn chromatography on i l ica gel (CH2Cb) .  The I H  MR and the I 3C 
M R  pectrum howed a number of broadened peaks. 
I n i t ia l l  , that seems indicating a larger ring with a fl uctuating structure that could 
hm e formed by an intramolecular radicalar double bond addit ion of a species formed 
through c leavage � to the imido function. Because of the relatively fe\ peaks in both I H  
and I JC MK no ring structure was found to be matching the spectroscopic data. 
I IO\vever, i t  wa seen that the UV i rradiation of the separated photoproduct on TLC 
direct ly or in CH2Ch olution formed back the start ing material . No photoinduced 
e lectrocycl ic reaction pathway was evident, so that i t  was concl uded that again 52 
undergoe a rapid EIZ- i someri sation and that the benzoylethenyl subst itutent at C-9 
undergoes a 10"''' rotation in MR t ime .  This a ffects the (d is )appearance of the keto 
carbonyl function ( 1 3C) ,  the ene protons C H )  and Cs 9 and C4' ( I 3C) ( Scheme 36) .  The 
samples should be measured at variable temperature, but this has not been done yet. 
x Q, 0 
h l' 
� CH,Ci , 
� 
0 
y 
E-52 
x Q 
� N 
=--
� h 
Y 
0 
Z-52 
Scheme 36 :  E-Z- i somerisation of 5 2  upon photoi rradiat ion at A. = 254 nm.  
[Arrows indicate disappearing J H and J JC NMR peaks due extreme broadening] 
� 
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3.2.5.  Ab orption pectra of 9-a roy lethen lanthracenes and  3-an thr'an-9-
lacry late at A. > 300 n m  
I n  benzene, there i s  a pair  of d generate p-orbitals, ,?- and ff3, fonning the HOMOs. and a 
pair o r  degenerate orbital , )l"h and 12* ,  forming the LUMOs ( M .  Hesse et a1 . ] 979a) .  This 
leads t four potential transit ions from rr2/3 to Jr*:i/5, nan1ely from the ground tate I A I g to 
the x i ted singlet states I B2u, I B l u and I E l u .  where l E l u is a degenerate state ( M .  Hesse et 
a 1 .  1 979a). The I A I g to I B2u transition corresponds to the a-band ( for benzene. A =256 
nm, COla.\ 204) .  The l A l g to I B l u transit ion corresponds to the p-band ( for benzene, A = 203 
nm, cOlax : 7400). The I A I g to I E l u transition corresponds to the ,B-band ( 1 84 n m ,  cma'( :  
60000) .  The nanling of the transitions i s  according t o  Clar, where transit ions corre-
pond ing to the p-band are in real i ty ymmetry-forbidden ( M .  He se et a1 . 1 979a). 
In condensed benzoid aromatic compounds, the h ighest occupied orbitals, pn. l and 
p.  are no longer degenerate. Also. the lowest unoccupied orbitals, p*n+ 1 and p*n+2, are no 
longer degenerate ( M .  Hes e et a1. 1 979b) .  Between these, four d ifferent transitions are 
possible ( see F igure 5 ) .  A l l  a-, p- and ,B-bands shift  to higher wavelengths \ ith 
successive annelation steps. In the polyacenes, the p-band overtakes the -band, which is 
of low intensi ty, and overlaps i t  ( M .  Hesse et a1 . 1 979b) .  This also happens in anthracene 
( Jones 1 947) .  The exti nction factors of the bands at long wavelengths increase from the 
forbidden transit ion in benzene [ ,1= 255 nm , cmax 220 (M· 1 cm· I ) ]  to anthracene [ A  = 357  
nm cmax 1 0000 ( M· l cm· 1 ) ] . Some of the measured maxima in  the UV absorpt ion spectra 
of the compounds are given below. The maximum extinction coeffic ients of the p-bands 
of our 9-substituted anthracenes l ie between 7000 and 1 0000 (M· 1 cm· I ) ,  which would be 
nonnal for subst ituted anthracenes. 
1 0 1  
o great d ifference in absorpt ion maxima can be noted in the absorption of the 
m lecu le in C H2 b and in  H3CN. 0 great influence of the aryl subst ituent a t  C4 of 
the ar  J I function can be een . The ab orption maximum of the 3 -nitro-substituted 
compound i hi fted c mparati el to longer wa e numbers, which i s  usual for the ni tro­
chromophore. There is a great difference in band structure for the E- and Z-isomer of 4-
methylbenzoylethen lanthracene and the absorpt ion maximum, which is  shifted to 10 er 
wa e length for the Z-i orner, indicating less double bond conj ugation of the enone 
structure with the anthran I unit  than i t  is the case in the E-isomer. The cyc loadduct with 
maleic anhydride shows absorption at 340 run ,  but with a low extinction (= 560 M- 1 cm- I ) .  
orbital scheme 
H*n+2 
H*n+ 1 
;1n_ l ,  7lj" TC* n+2 
state transit ion diagram 
, , 
F igure 4 :  Electron t ransit ions i n  po lyacenes 
(Adoptedfrom Hesse el al. 1 979, p. 3 1) .  
1 02 
t 
• 
a (J fl' 
- -- . --;---;--
p r 
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)'max [ 11m) ( & mol- 1 cm- 1 )  Amax [nm) (& mol- 1 cm- 1 )  
354 (3620) 352 (3300) 3':- 1 (5545)  358 (4,:) 1 5 )  
370 (6080) 370 (6 1 35 )  366 (8400) 379 (74 1 0) 
400 (6680) 400 (6670 ) 385 ( 1 0370) 385 (90 1 0) 
405 (6700) 
CHO 
(CH�CI,)  (CH3C ) (C H3CN ) 
39- Et  37 
Amax [nm]  (& mol- 1 cm- 1 )  
X = C H) X = OCH) X = H  X = C I X =  Sr 
35 1 (4700) 300 ( 1 5333)  330 (2750) 350 (4740) 354 ( 5 1 60)  
3 70 (6688) 305 ( 1 5305) 355 (4430) 3 7 1  (6 1 60)  370 (6440)  
39 1 ( 8500) 352 ( 5350) 371  ( 6090) 390 (7240) 39] (8 1 00) 
0 405 (87 1 9) 3 7 1  ( 7 1 80)  39 1 ( 8330) 4 1 0  ( 73 1 0) 4 1 5  (9395)  
3 9 1  (9440) 4 1 0  ( 9225)  (CH�C1�) (CH�C1�) X (CH::C I� )  405 (9660) 
(C H::C1::) 
£-40 ( C H::Cl::) 
X = F  X = C H3 X = 3-NO:: 
35 1 (4095) 352 (4 1 00) 352 (4435 )  
369 ( 58 1 0 ) 3 7 1  (6 1 70) 387 (5760) 
39 1 ( 8 1 90)  405  ( 85 1 0) 425(7690) 
4 1 0 (9490) 
(CH::CI::) (CH)C ) ( C H�C1::) 
0 
Amax [nm] ( & mol- 1 cm- 1 ) Amax [ 11m] ( c mol- 1 cm- 1 )  
336 (3900) 340 (560)  
35 1 ( 5700) 
370 ( 7300) 59-N02 
390 (6900) 
Z-40- M e  
(CH2CI::) N02 
0 
CH3 
TabJe 2 :  U V  band maxima of selected compounds in  CH2CI2  and C H3CN 
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3.2 .6.  Photoche m i  t ry of  9-aro lethenylanthracene and  derivat ive at > 300 o m  
o 
� II · 
� 
£-40-l\te 63 
and 'or 
head-to-head 
dlmer 0 
� 
o � 
Z-40- I e  
cherne 3 7 :  low b u i ld-up of n-vo i somers o f  H H-[2+2]-cycloadducts i n  aroy letheny lanthracene 
( E-40-Me) photoirrad iat ion.  
[ The main reaction is shown in Scheme 20] 
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ext, 9-(E)-aroylethenylanthracene £- .. .0 were photoirradiated \ i th blackl ight 
V rad iation (A. = 352 nm peak output) .  In CI-hCh a rapid con ersion to an equi l ibrium 
of 9-(E)- and 9-(Z)-aroy lethenylanthracenes was obser ed. Additiona l l  , over da s, a 
bui ld-up of two other products \v as observed. The e \: ere characterized by two doublets 
each in  the a l iphatic region of the MR pectrum.  Due to tbeir coupl ing contants, they 
were attributed to tbe cis- and frans-isomers of tbe bead-to-head [2+2] -cyc \oadduct 64 
( cheme 37 ) .  In benzene, tbe main product in a 3 -day photoi rradiation in blackl ight UV 
(A. = 352 run peak output) i s  anthraquinone ( 65 )  ( Scheme 3 8 ) . 
h .· I 
OCH, 
h v  
[021 
16 
o 
o 
H3CO 
Scheme 3 8 :  Aroy letheny lanthracene ( E -40-0Me) photoi rrad iat ion i n  benzene on blackl i ght U V  
I n  order to  see whether the conditions used above are suitable in  general t o  even 
reported photo-induced [ 4+4 ] cyc \oaddit ion reactions, the known photochemical reaction 
1 06 
of  9-fornlylanthracene (37 )  was in estigated both in C H2Cb and in  benzene. The 
photochemical dimeri ation proceed more quickly in benzene than in C H2Ch.  It had been 
reported prc\ iou \y that halogenated sol ents such as CCl4 and bromobenzene ( Bowen 
1 95 3 )  ar detrimental to the photochemical d imerisation in comparison to THF, ether or 
toluene. In the present case, in a M solution of9-forrnylanthracene (37),  50% of dimerizes 
photo lyt ical l within 24h, whi l e  under otherwi e the same condit ions only 25% of 9-
formy l  anthracene (37)  d imerizes to 66 in  Cl-bCb within 48h ( Scheme 39) .  I n  either case, 
anthraqu inone (65) wa also produced. The product mixture was separated by colunm 
chromatography on si l ica gel ( hexane - C H2C b :  1 . 5 / 1 ) .  The colorless d imer e luted first, 
fol lowed by the yel low starting material and anthraquinone. Only one isomer of the photo-
d imer \\ a obtai ned, both in C H2Ch and in benzene. This had al ready been found by 
Applequist et a! . (Applequist 1 968)  in the photoirrad iation of 9-fornlylanthracene (37) .  
C H O  C H O  
C H O  
C H O  C H O  o + 37 66 
37- reactive d i m e r  
6 5  
o 
Scheme 39 :  9-anthran lanthracene photodi meri ation in CH2CI2 on b lack l ight U V  l ight .  
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La. t l ) . eth)1 9-anthranylacrylate (�6-Et)  was hydrogenated to give ethyl 9-
anthrany lpropionate (67) .  ormal hydrogenation using H� gas under PdJC was not used 
a this \\ a thought to be too dangerous as there had been a previous, sma l l  laboratory fire 
using H 2  in  presence of  Pdl . Here, it was tried to produce hydrogen in situ by reacting 
aBI- L l  with AcOH in the presence of Pd/C (Tran 2009, Russo 20 1 1 ,  Al  0001 20 1 5 ) .  The 
double bond hydrogenation took a long t ime. and part ia l ly  the anthracene core was also 
hydrogenated to produce ethyl 9, 1 O-dihydroanthranylpropionate as side product ( Scheme 
40) .  The hydrogenat ion of the central ring system of the anthracene with hydrogen in  
presence o f  a Pd-catalyst had been reported previously, with 9, 1 0-diphenylanthracene 
being reduced over Pd/C ( Ma 20 1 0 ) .  Driving force of the hydrogenat ion of the anthranyl 
moiety i the stabi l i ty of the two isolated benzo groups, which are found to be more 
aromatic than the anthranyl unit  i s .  
� � � NaBH4' AcOH � � � � � 
• + 
#' #' #' PdlC, toluene #' #' #' #' #' 
� 
39-Et 67 68 
C02C2Hs C02C2Hs C02C2Hs 
cheme 40 :  Ethyl anthranylac ry l ate (39-Et)  hydrogenation to ethyl anthranyl-propionate(67)  
[ This reaction is made by using aBH/, A cOH, PdlC as a reagent substitulefor H2, PdlC] 
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The photol si of ethyl  anthranylpropionate (67)  in  benzene u ing blackl ight UV 
(A = 352 nm peak output ) radiation ga e the [4+4 ] -d imer 69 rapidly ( Scheme 4 1 ). which 
crysta l l i zed from the o lut ion. ingle cr _ stal of the molecule is  being prepared . 
67-reactive 
d i m e r  C02Et 
h � , 
benzene 
69 
cheme 4 1 :  Photochemica l  [4+4]-di merizat ion of ethyl 9-anthranylpropionate ( 6 7 )  u ing 
blackl ight uv 
Therefore. the exchange of an ethenyl subst i tuent to ethanyl subst i tuent changes the 
photochemical pathway from a purely E-Z- isomerisation and [2+2] -cycloaddition to a 
[4+4] -cycloaddit ion ( Becker 1 990, Becker 1 993 ) .  
x 
o 
aBH4, AcOH 
Pd/C 
toluene 
o 
70 
R= H, Me, OMe 
cheme 42 :  ( E)-9-(2-phenacyJethenyJ )anthracenes ( E-40) to 9-(2-phenacylethy l )anthracenes 
x 
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[ This J(vdrogel1atiol1 was made hy u. ing aBH4, AcOH, PdC as a reagent lIbslitlile for H!. 
[>d CJ 
R 
o 
I 
70- r e a c t i v e  
d i rn e r  
o 
h i' 
bt!'l'lzene 
R 
R 
o 
R 
cheme 4 3 :  Photochemical  [4+4]-d i l1lerisat ion of 9-aroylethylanthracenes ( 70)  on b lac k l i ght 
U V .  
1 1 0 
Chapter 4 :  Conclu s i o n  
9-Anthrany lacry lat s and 9-benzoy lethenylanthracenes could be prepared from 9-
anthranylcarbaldehyde by Wi ttig o le fination using minimal amounts of solvent or 
olvent le s y terns. Both 9- nthranylacrylate and 9-benzoylethenylanthracenes were 
found to be good d ienes in Di i s-Alder reactions, where the dienophi les add exclusively 
ver th 9 and C 1 0 of  the anthracene unit .  9-anthranylacry lates E-Z- isomerizes under 
photoi rradiation at A= 254 nm. Over longer periods of i rrad iation, o l igomers fom1 as 
hO\vn by I H  N M R  spectroscopy. 
In addit ion, 9-benzoylethenylanthracenes £IZ- isomerize, but the reactions are 
much c leaner. The photoi rradiation of  the cycloadducts of anthranylcarbaldeh de with 
maleimide leads to a number of  products, stemming from decarbonylation, and from 
overa l l  a Retro Die ls-AIder react ion to 9-formylanthracene. Anthracene and 
anthraquinone can al 0 be found as products. The cycloadducts of 9-
aroylethenylanthracenes with maleimide undergo easy E-Z-isomeri sation. According to 
the I H and DC M R  spectra of  the compounds, the aroylethenyl subst ituent performs a 
rotation i n  M R  t ime that broadens peaks of the substi tuent and of neighboring C s  and 
H considerab ly .  
I rradiated a t  A. = 3 5211111, 9-aroylethenylanthracenes again undergo E-Z- isomerisa­
t ion. mal l  amounts of [ 2+2] -cycloadducts are formed in  dichloromethane (CH2Ch) .  
Under the same condit ions, 9-formylanthracene was shown to undergo the known [4+4] ­
C) c loaddi tive d imerisat ion. When the anthranylacryates are reduced to  the 
I I I  
anthran) lpropi nate . th se can be used in [4+4]-c c loaddi t ive dirneri at ion as c u ld be 
ho\\ n for compound 67, reacting to compound 69. The exchange of an ethenyl subst ituent 
to an ethanyl sub t i tuent changes the photochemical pathway from a pureJ E- Z­
i omeri ation and [2+� ] -cyc Joaddit ion to a [4+4] -cyc loaddit ion. 
1 1 2 
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